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I . l  NTRODUCT l  ON AND PROJ ECT OBJ ECT l  VES 
Although I l l i n o i s  has an abundant water  supply ,  it i s  unevenly 
d i s t r i b u t e d  throughout  t h e  s t a t e .  I n  1967 i t  was es t imated  t h a t  t h e  
t o t a l  q u a n t i t y  o f  water  a v a i l a b l e  i n  t h e  s t a t e  was about t h r e e  t imes 
g r e a t e r  than  t h e  q u a n t i t y  used[33]. The c laypan area o f  Southern 
I l l i n o i s  i s  one o f  t h e  areas cha rac te r i zed  by f requent  water  shortages. 
The p a r t i c u l a r  c laypan area se lec ted  f o r  t h i s  s tudy i s  i n  Washington 
County, i n  southwestern I l l i n o i s .  
Pryor[24] r epo r t s  t h a t  t h e  most impor tan t  a q u i f e r s  i n  southern 
I l l i n o i s  a re  depos i ts  o f  sand and g rave l ,  sandstone, l imestone, cher t ,  
and do lomi te .  Sand and gravel  depos i ts  a r e  wa te r - y i e l d i ng  because o f  
t h e i r  r e l a t i v e l y  h i gh  p o r o s i t y  and p e r m e a b i l i t y .  The w a t e r - y i e l d i n g  
c h a r a c t e r i s t i c s  o f  sandstone, l i k e  those o f  sand and g rave l ,  a r e  de- 
pendent upon g r a i n  s i z e  and s o r t i n g .  The sandstone s t r a t a  i n  southern 
I l l i n o i s  a re  gene ra l l y  f i n e  g ra ined  and cemented. They have r e l a t i v e l y  
low p o r o s i t i e s  and p e r m e a b i l i t i e s  and y i e l d  wate r  o n l y  f rom i n t e r -  
connected cracks and c rev i ces .  Thus, t h e  b e s t  p o t e n t i a l  sources o f  
la rge  supp l i es  o f  water  a r e  t h e  sand and gravel  depos i ts  i n  t h e  major  
v a l l e y  systems. However, sand and gravel  a q u i f e r s  a r e  v i r t u a l l y  absent 
i n  much o f  t h e  claypan area. 
The claypan area i s  a l s o  cha rac te r i zed  by h i gh  s u s c e p t i b i l i t y  t o  
drought .  Huff  and changnon[17] have analyzed t h e  frequency d i s t r i b u t i o n  
o f  droughts va ry i ng  from 3 t o  60 months and found t h a t  t h e  r e l a t i v e  
s e v e r i t y  o f  droughts i s  h i g h e s t  i n  t h e  southeastern,  extreme southern, 
and southwestern reg ions o f  t h e  s t a t e .  I n  general ,  t h e  reg ions o f  
g r e a t e s t  drought s e v e r i t y  a r e  e longated w i t h  t h e  o r i e n t a t i o n  o f  t h e  
major  a x i s  f o r  s h o r t e r  leng th  droughts  t o  be from southwest t o  nor theas t ,  
thus, t h e  Washington County area does l i e  w i t h i n  t h e  general  p a t t e r n  o f  
s h o r t e r  d u r a t i o n  droughts  ( l e s s  than  36 months). I n  a d d i t i o n  t o  t h e  h igh 
p r o b a b i l i t y  o f  drought  occurrence i n  t h e  claypan area, t h e  s o i l s  have 
low p o t e n t i a l  f o r  r e t e n t i o n  o f  mo is tu re .  The s u r f a c e  s o i l s  a r e  unde r l a i n  
w i t h  s u b s o i l s  o f  h i g h  c l a y  con ten t  and a r e  thus  s l o w l y  permeable. These 
c o n d i t i o n s  g i v e  r i s e  t o  t h e  h i g h  year-to-year v a r i a t i o n  i n  crop y i e l d s  
i n  southern I I l inoi 's [ 2 9 ] .  
The lack  o f  re1 i ab  l e  wate r  supp l i es  i n  t h i s  area i s  aggravated 
b y  t h e  h i gh  n i t r a t e  con ten t  i n  t h e  we1 Is .  N i t r a t e  concen t ra t ions  i n  
excess o f  t h e  U.  S .  P u b l i c  Hea l th  Se rv i ce  standards o f  45 p a r t s  per  
m i l l i o n  have been found i n  water  f rom shal low w e l l s  i n  Washington County. 
The o v e r a l l  purpose o f  t h e  research p r o j e c t  was t o  i d e n t i f y  and 
eva lua te  a  minimum-cost combinat ion o f  a l t e r n a t i v e  methods o f  supp l y i ng  
both t h e  q u a l i t y  and q u a n t i t y  o f  water  r equ i red  by farmers i n  a  se lec ted  
area o f  southern I l l i n o i s .  Some o f  t h e  poss ib l e  sources t o  be considered 
were: 
I .  I n d i v i d u a l  farm ponds 
2. I n d i v i d u a l  farm we l l s ,  both shal low and d r i l l e d  
3.  l n d i v i d u a l  c i s t e r n s  
4.  Cent ra l  reservo i  r serv ing  a  number o f  farms 
5. Cent ra l  we1 l  se r v i ng  a  number o f  farms 
6. Connection t o  munic ipa l  water  system 
Treatment a l t e r n a t i v e s  o f  bo th  ground and su r f ace  water  were cons idered 
where appropr ia te ,  i n  combinat ion w i t h  t h e  above sources, i n  e v a l u a t i n g  
t h e  minimum c o s t  combinat ion o f  methods. 
The s p e c i f i c  o b j e c t i v e s  o f  t h i s  s tudy were as f o l l o w s :  
I .  To s e l e c t  a  s p e c i f i c  area w i t h i n  t h e  claypan reg ion  o f  
I l l i n o i s  i n  uh i ch  (a )  water  supp l i es  a re  s u f f i c i e n t l y  u n c e r t a i n  
t o  war ran t  an examinat ion o f  a l t e r n a t i v e  wate r  sources, and 
(b )  t h e r e  e x i s t s  t h e  p o t e n t i a l  f o r  t h e  es tab l i shment  o f  severa l  
a l t e r n a t i v e  water  sources such as those mentioned above. 
2. To es t ima te  t h e  t o t a l  farm water  requirement,  both amount 
and q u a l i t y ,  f o r  household and l i v e s t o c k  purposes on t h e  
b a s i s  o f  present  and expected farming p rac t i ces ,  o f  t h e  farmers 
i n  t h e  se lec ted  area. 
3. To develop t h e  necessary data and t o  es t ima te  cos ts  f o r  each 
o f  t h e  poss ib l e  water  sources and t r ea tmen t  processes, i n c l u d i n g  
cons t ruc t i on ,  maintenance, and ope ra t i ng  cos ts ,  bo th  on an 
i n d i v i d u a l  farm and t o t a l  area bas is .  
4. To compare a l t e r n a t i v e  sources o r  combinat ions o f  sources i n  
economic terms i n  o r d e r  t o  a r r i v e  a t  a  minimum-cost method o f  
p r o v i d i n g  t h e  necessary amount and q u a l i t y  o f  water  f o r  t h e  
farmers i n  t h e  s p e c i f i e d  area. 
5. To suggest poss ib l e  o r g a n i z a t i o n a l  s t r u c t u r e s  which would p rov ide  
i ncen t i ves  f o r  implementat ion o f  t h e  op t ima l  p l a n  der i ved  i n  
o b j e c t i v e  f o u r  above. 
I  I  . DESCR l PT l ON OF STUDY AREA 
Washington County has been t h e  focus du r i ng  t h e  l a s t  two years 
o f  widespread concern about t h e  water  supply .  I n  1970 t h e r e  were 
r e p o r t s  o f  baby p i g  losses on severa l  swine farms i n  t h e  county.  Local 
v e t e r i n a r i a n s  suggested t h a t  excess ive n i t r a t e  i n  t h e  water  might  be 
invo lved.  T h i s  led t o  a  countywide n i t r a t e  survey by Smith, H i l l ,  and 
Wa l  ker[28]. Th i s  survey cons is ted  o f  samp l i ng some 72 farm ponds and 
244 w e l l s ,  213 o f  which were l a rge  d iameter  dug o r  augered w e l l s  rang ing  
i n  depth from 6 t o  30 f ee t ,  and 31 were smal l  d iameter d r i l l e d  w e l l s  
rang ing  from 85 t o  230 f e e t  i n  depth. None o f  t h e  ponds sampled con- 
t a i n e d  more than 13 p a r t s  per  m i l l i o n  n i t r a t e  (NO3) and most had less 
than  5 ppm NO3 a t  t h e  t i m e  o f  sampl ing. These amounts a r e  f a r  below 
t h e  U. S .  P u b l i c  Hea l th  Se rv i ce  s tandard o f  45 ppm NO3. However, 
nea r l y  75 percen t  o f  t h e  sha l  low we1 I s  and nea r l y  20 percen t  o f  t h e  
d r i l l e d  w e l l s  were ove r  t h e  45 ppm l e v e l .  The r e s u l t s  a r e  summarized 
i n  Tab le  I .  Thus, t h e  widespread n i t r a t e  contaminat ion o f  ground wate r  
supp l i es  as w e l l  as v a r i a b i l i t y  o f  weather c o n d i t i o n s  i n  t h i s  p a r t  o f  
t h e  s t a t e  seem t o  war ran t  examinat ion o f  a l t e r n a t i v e  sources o f  wa te r  
supply .  Thus, Washington County was se lec ted  as t h e  general  s tudy area. 
Washington County i s  located i n  t h e  southwestern reg ion  o f  t h e  
s t a t e  ( F i g u r e  I ) .  The county has a land area o f  565 square m i l e s  o r  
approx imate ly  36 1,2 16 acres. The 1969 Census of  Agr i  cu l  ture[6]  shows 
325,765 acres o r  90.2 percent  o f  t h e  t o t a l  area as farmland. I  n  1969[6] 
t h e r e  was a t o t a l  o f  1386 farms w i t h  an average s i z e  o f  235 acres pe r  
farm as compared t o  1440 t o t a l  farms w i t h  an average s i z e  o f  223 acres i n  
1964. 
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I n  1969 i n  Washington County, 42.0 percen t  o f  t h e  farm opera to rs  
were f u l l  owners, 36.8 percen t  p a r t  owners, and 21.2 pe rcen t  tenan ts .  
I n  comparison, t h e  1964 f i g u r e s  were 34.4 percent,  39.0 percent,  and 
26.5 percent,  r e s p e c t i v e l y .  The average age o f  t h e  farmers i n  t h e  
county was 49.8 years  I n  1969, down from 50.2 years  i n  1964. I t  i s  
i n t e r e s t i n g  t o  no te  t h a t  i n  1964 t h e r e  were o n l y  27 farmers under 
25 years  o l d ,  however, i n  1969, t h e r e  were 40 i n  t h i s  age group. 
The popu la t i on  o f  Washington County has s t e a d i l y  dec l i ned  from 
1900 +o 1965 when it reached a low o f  12,900 persons. The 1965 popu- 
l a t i o n  was 65 percen t  o f  +he 1900 t o t a l  w i t h  s l i g h t l y  more than 20 percen t  
be ing  c l a s s i f i e d  urban. The e n t i r e  popu la t i on  was c l a s s i f i e d  as a l l  
r u r a l  u n t i  l  1950[18]. The 1970 popu la t i on  shows 13,780 people r e s i d i n g  
i n  t h e  county.  
The Hoyleton area o f  Washington County was se lec ted  f o r  severa l  
reasons. The County Extens i o n  Adv iser  po i  n ted  o u t  t h a t  sever  a 1 farmers 
i n  t h i s  area had approached h im want ing ass is tance  w i t h  t h e i r  wa te r  
problems. Some of  t h e  l a r g e r  d a i r y  farmers i n  t h i s  area have hauled 
severa l  thousand ga l l ons  o f  wa te r  each month because o f  t h e  poor q u a l i t y  
and re1 iab  i l i t y  o f  t h e i r  p resen t  water  sources. Other  d a i r y  farmers, who 
were exper ienc ing  d a i r y  b reed ing  problems, be l i eved  t h a t  t h e i r  water  
supply  was t h e  causal f a c t o r .  A few la rge  pork  producers had a l s o  
repo r ted  t h e  b e l i e f  t h a t  t h e  dysentery problems i n  t h e i r  swine herds 
were caused by n i t r a t e  contaminat ion o f  t h e i r  wa te r  supp l ies .  These 
farmers had a l s o  exper ienced la rge  water  shor tage problems. Also, n i n e  
o f  t h e  244 ue l l s  t e s t e d  i n  t h e  survey by Smith, H i  l  l , and Wa l  ket-1281 
were i n  t h i s  area. Seven o f  t h e  n i ne  conta ined n i t r a t e  i n  excess o f  t h e  
45 ppm NO3 recommended l  i m i t .  Over 70 percen t  o f  t h e  farmers have 
e x i s t i n g  farm ponds, a l l  farmers have e x i s t i n g  shal low w e l l s  and c i s t e r n s ,  
and t h e  Y i l l a g e  o f  Hoyleton serves  as a source f o r  connect ing t o  a 
muni'crpal system. Therefore,  t h e  Hoyleton area appeared t o  be t y p i c a l  
o f  t h e  general  problems be ing  exper ienced i n  Washington County and was 
se lec ted  as t h e  s p e c i f i c  area t o  be examined ( F i g .  2 ) .  
A. Ground Water A v a i l a b i l i t y  
I n  t h i s  area, v iater can be found everywhere below t h e  t op  o f  t h e  
zone o f  s a t u r a t i o n ,  i .e . ,  t h e  t o p  o f  t h e  wate r  t a b l e .  However, it i s  
n o t  everywhere a v a i l a b l e  f o r  w i thdrawa l .  Successful  w e l l s  can be 
cons t ruc ted  o n l y  where s t r a t a  a r e  p resen t  t h a t  w i l l  e a s i l y  t r a n s m i t  and 
y i e l d  water .  Most o f  t h e  s tudy area does n o t  have good w a t e r - y i e l d i n g  
c a p a b i l i t i e s ,  due t o  t h e  l i m i t e d  bedrock sources and t h e  general  absence 
o f  adequate sand and g rave l  depos i t s .  The la rge  d i  arreter we l  I s  most 
common i n  t h i s  area a r e  a b l e  t o  p rov ide  water  i n  these cond i t i ons  due t o  
t h e i r  i nhe ren t  s to rage  capac i t y .  A l l  b u t  one o f  t h e  w e l l s  on t h e  38 
residences i n  t h e  s tudy area were t h e  shal low,  la rge  diameter type,  
there fo re ,  these w e l l s  on t h e  average would be less than  26.5 f e e t  deep, 
t h e  average depth t o  bedrock. Th i s  he lps t o  e x p l a i n  t h e  widespread 
contaminat ion o f  t h e  ground wate r  a q u i f e r s  t h a t  e x i s t  i n  t h i s  area. 
The w e l l  logs i n d i c a t e d  t h a t  severa l  t e s t  w e l l s  had been d r i l l e d  
i n  an a t tempt  t o  l oca te  an a q u i f e r  capable of  f u r n i s h i n g  t h e  V i l l a g e  o f  
Hoy l e ton  w i t h  a re1 iab l e  source o f  water .  A I l r epo r t s  showed t h a t  t h e  
t e s t  w e l l s  were unsuccessful  i n  l o c a t i n g  such an a q u i f e r .  
Personnel a t  t h e  I l  l  i n o i s  S t a t e  Water Survey and those  a t  t h e  
I l l i n o i s  S t a t e  Geolog ica l  Survey concurred t h a t  t h e r e  a r e  no adequate 
FIG, 2 SELECTED AREA FOR STUDY WITHDN WASHINGTON COUNTY 
cont inuous a q u i f e r s  i n  t h i s  area. Ground water  i s  o b t a i n a b l e  o n l y  
f rom smal I, d iscont inuous c o l  l e c t i o n s  o f  sand and gravel  . They a l s o  
agree t h a t  t h e  p r o b a b i l i t y  o f  f i n d i n g  a r e l i a b l e  d r i l l e d  w e l l  i n  
t h i s  area i s  exi-remely smal l  o r  non-ex is tent ,  
B. D e s c r i p t i o n  o f  S o i l s  
The Washington County Soi l Report  by Smith and Smith[27] p rov ides  
i n fo rma t i on  concern i ng t h e  movement o f  water  f rom p r e c i p i t a t i o n  through 
t h e  s o i  l f o r  recharge o f  a q u i f e r s  . Near ly  100 percen t  o f  t h e  Hoy l  e ton  
area has e i t h e r  Cisne s i l t  loam o r  Hoyleton s i l t  loam s o i l  types.  Each 
t y p e  occupies about one-hal f  o f  t h e  area. 
The Cisne t ype  as descr ibed  by Smith and Smith, developed under 
p r a i r i e  grass vege ta t i on  and i s  cha rac te r i zed  by an a lmost  impervious 
s u b s o i l .  The s o i l  d ra i ns  ext remely  slow and i s  o f t e n  wet and c o l d  i n  
t h e  s p r i n g .  " S l i c k  spo ts "  f r e q u e n t l y  occur  i n  con junc t i on  w i t h  t h i s  
t ype  o f  s o i l ,  and they,  i n  f a c t ,  do occur  i n  most o f  t h e  Cisne s o i l s  i n  
t h i s  area. S l i c k  spo ts  a re  commonly known as sca lds  o r  a l k a l i  spots ,  
and a re  o f  a  much l i g h t e r  c o l o r  than  t h e  r e s t  o f  t h e  s o i l .  The subso i l  
i n  these  spots  i s  very  tough and i s  exposed i n  much o f  t h e  area where 
e ros ion  has been a c t i v e .  Underdrainage i s  ext remely  slow and, when dry,  
s l  i c k  spo ts  a r e  very  hard and r e s i s t  p e n e t r a t i o n  o f  water.  Due t o  t h e  
l ack  o f  water  movement i n  t h i s  t ype  o f  s o i l ,  su r f ace  dra inage i s  re-  
commended as t h e  f i r s t  s t ep  f o r  s o i l  improvement and t o  a t tempt  t o  
cap tu re  some o f  t h e  wate r  t h a t  i s  u s u a l l y  l o s t  as r u n o f f .  
The Hoy le ton  s i l t  loam as compared t o  Cisne has r e l a t i v e l y  good 
su r f ace  drainage, b u t  it t o o  has very  s low underdrainage and does n o t  
lend i t s e l f  t o  a r t i f i c i a l  dra inage w i t h  t i l e .  S l i c k  spo t s  a l s o  occur  
i n  t h i s  s o i l  b u t  a r e  n o t  as numerous o r  as l a rge  as u i t h  t h e  Cisne s i l t  
loam. The su r f ace  s o i l  i s  a  feu  inches deeper than  w i t h  Cisne s i l t  loam, 
however, t h e  subso i l  i s  again ve ry  compact and a  p l a s t i c - l i k e  c l a y .  
Apprec iab le  ground water  recharge u s u a l l y  occurs  o n l y  t w i c e  each 
year,  du r i ng  t h e  s p r i n g  from r a i n s  and me l ted  snow and du r i ng  heavy 
f a l l  r a i n s .  Dur ing  t h e  w i n t e r  months ground water  recharge i s  l i m i t e d  
because o f  f rozen  ground. Dur ing  t h e  summer, p r e c i p i t a t i o n  may o n l y  
p e r c o l a t e  a  few inches below t h e  su r f ace  be fo re  i t  i s  l o s t  due t o  
evaporat ion,  which i s  acce le ra ted  because o f  t h e  h i g h  temperatures. From 
t h e  d e s c r i p t i o n  o f  t h e  s o i l s  i n  t h i s  area, it i s  e a s i l y  seen t h a t  due 
t o  t h e  t e x t u r e  o f  t h e  su r f ace  s o i l  and t h e  impervious na tu re  o f  t h e  
subso i l s ,  water  may be a v a i l a b l e  f o r  recharge b u t  may never reach t h e  
wate r  t ab  le .  
C. C l imato logy  
I t  i s  ext remely  d i f f i c u l t  t o  f i n d  data t o  descr ibe  t h e  c l ima to logy  
o f  a  r eg ion  as smal l  as t h e  one se lec ted  (9.55 sq. m i . ) .  Therefore,  a  
b r i e f  d e s c r i p t i o n  o f  t h e  c l ima to logy  o f  t h e  southwestern reg ion  o f  I l l i n o i s  
w i  l  l  be presented. Hu f f  and ~hangnon[ I  71, us ing  percen t  o f  normal pre- 
c i p i t a t i o n  t o  d e f i n e  drought s e v e r i t y ,  repor ted  t h a t  on t h e  average, 
once i n  2 years, t h e  Washington County area can expect  a  3-month p e r i o d  
w i t h  as l i t t l e  as 48 percen t  o f  t h e  3-month normal p r e c i p i t a t i o n .  The 
p r o b a b i l i t y  o f  3-month droughts i s  h i g h e r  i n  t h e  w i n t e r  season i n  t h e  
no r the rn  p a r t  o f  t h e  s t a t e  than  i n  t h e  spr ing ,  summer, o r  f a l l .  The 
reverse  i s  t r u e  i n  t h e  southern reg ions .  Thus, c rop  f a i l u r e s  due t o  
drought  a r e  more l i k e l y  i n  t h e  southern reg ions  o f  I l l i n o i s  even though 
t h e  annual p r e c i p i t a t i o n  i n  t h e  south i s  l a rge r .  Recharge o f  ground 
water  suppl  i es  i s  a l s o  lower i n  t h e  south due t o  t h e  t i m i n g  o f  t h e  
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r a i n f a l l .  Heavy r a i n s  occur  i n  t h e  w i n t e r  when t h e  s o i l  i s  f rozen .  
H u f f  and Changnon a l s o  r e p o r t  t h a t  a  comparison o f  t h e  s p a t i a l  
p a t t e r n  o f  c o e f f i c i e n t s  o f  v a r i a t i o n  o f  annual p r e c i p i t a t i o n  w i t h  t h e  
drought p a t t e r n s  shows remarkab l e  s  i m i  l  a r i t y  between t h e  inc idence  o f  
p r e c i p i t a t i o n  and drouth.  The r e l a t i v e l y  low c o e f f i c i e n t s  occur  i n  
c o n j u n c t i o n  w id-h re1 a t  i v e l  y  low drought  s e v e r i t y  i n  t h e  no r theas t  and 
east ,  whereas h i g h  c o e f f i c i e n t s  o f  v a r i a t i o n  correspond t o  peaks i n  
drought  s e v e r i t y  i n  t h e  southwest, south and sou theas t .  High r e l a t i v e  
v a r i a b i l i t y  o f  annual p r e c i p i t a t i o n  appears t o  correspond w i t h  12-month 
drought  s e v e r i t y ,  i.e., droughts a r e  more severe where t h e  year-to-year 
v a r i a t i o n  i n  r a i n f a l l  is g rea tes t .  T h i s  may occur  d e s p i t e  t h e  f a c t  
t h a t  average p r e c i p i t a t i o n  i s  cons iderab ly  g r e a t e r  i n  most o f  t h e  severe 
I l l  i n o i s  drought  areas. 
The neares t  weather s t a t i o n  t o  t h e  Hoyleton area i s  t h e  N a s h v i l l e  
s t a t i o n  loca ted  f o u r  m i l e s  no r theas t  o f  t h e  c i t y  o f  Nashv i l l e ,  I l l i n o i s .  
P r e c i p i t a t i o n  data f o r  t h e  p e r i o d  s i n c e  1947 were ob ta ined  from Clima- 
t o l o g i c a l  Data, I  l  l  inois[8]. The mean annual p r e c i p i t a t i o n  f o r  t h i s  
pe r i od  was 39.45 inches.  The var iance  and s tandard d e v i a t i o n  about t h e  
mean a r e  70.40 and 8.38 r e s p e c t i v e l y .  Thus, t h e r e  i s  cons iderab le  year  
t o  year  v a r i a t i o n  i n  mean annual r a i n f a l l  i n  t h e  s tudy  area. T h i s  
v a r i a t i o n  i n d i c a t e s  t h a t  t h e  area has r e l a t i v e l y  severe droughts which 
d i r e c t l y  i n f l u e n c e  t h e  amount o f  water  a v a i l a b l e  f o r  recharge o f  ground 
water  supp l i es  and su r f ace  sources. 
S ince  temperature has a  d i r e c t  i n f l u e n c e  on evaporat ion,  it needs 
t o  be mentioned. I n  t h e  s tudy  area, t h e  y e a r l y  mean temperature i s  
54.9 degrees Fahrenhe i t ,  The mean maximum temperature i n  t h e  months 
June through August i s  approx imate ly  90 degrees. The mean minimum 
temperature f o r  these  months i s  65 degrees. The mean maximum temperature 
f o r  t h e  months December th rough February is approx imate ly  45 degrees 
and t h e  mean minimum i s  approx imate ly  26 degrees. These temperatures 
a r e  approx imat ions from cha r t s  presented i n  W a t e r f o r  I l l i n o i s  - A P lan  
f o r  ~ c t  i on[33]. 
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1 1 1 . PRESENT WATER S l TUAT l  ON I  N THE STUDY AREA 
An i n t e r v i e w  schedule was cons t ruc ted  t o  g a i n  i n fo rma t i on  p e r t a i n i n g  
t o  t h e  water  s i t u a t i o n  i n  t h e  area.* The phys ica l  y i e l d  o r  amount o f  
water  a v a i l a b l e  f rom a  source, t h e  q u a l i t y  o f  t h e  water  f rom a  source, 
and t h e  i n t e n s i t y  o f  use o f  a  p a r t i c u l a r  source a re  a l l  f a c t o r s  which 
determine whether o r  n o t  a  source i s  "adequate." One source may be 
adequate f o r  a  household o f  th ree ,  b u t  n o t  f o r  a  d a i r y  farmer w i t h  100 
head o f  c a t t l e .  The schedule was used t o  ga the r  i n fo rma t i on  p e r t a i n i n g  
t o  t h e  respondentsf  d a i l y  use o f  water,  ( i . e . ,  t h e  number o f  persons 
i n  t h e  household, t h e  maximum number o f  l i v e s t o c k  on t h e  farm a t  any 
one t ime,  e t c . ) ,  p resen t  sources o f  water,  adequacy o f  p resen t  supp l ies ,  
means o f  a1 l e v i a t i n g  shortages i f  and when they occur,  and general  a t t i -  
tudes concern ing a l t e r n a t i v e  means o f  i n s u r i n g  an ackquate, r e l i a b l e  
water  supp l  y  . 
I  . Summary o f  t h e  Present  On-Farm Sources 
Near ly  a l l  o f  t h e  38 households i n  t h e  s tudy area use two o r  
more d i f f e r e n t  sources t o  meet t h e i r  d a i l y  requirements.  The few t h a t  
r epo r ted  o n l y  one source were farmers o r  r u r a l  r es i den t s  w i t h  l i t t l e  o r  
no l  i ves tock ,  w i t h  t h e  pr imary demand being f o r  household uses. Over 70 
percen t  o f  a  l l  respondents repor ted  t h e  ex i s tence  o f  a  pond on t h e i r  
p roper ty .  Tab le  2 shows t h e  number o f  respondents t h a t  use a  g iven  
source t o  f u l f i l l  t h e  var ious  d a i l y  requirements.  A d i s t i n c t i o n  i s  made 
between shal low w e l l  sources on t h e  bas i s  o f  t rea tment .  Several w e l l s  
were repor ted  t o  have had sporad ic  batch ch l o r i n e  t rea tments .  None o f  
these  w e l l s  were equipped mechanica l ly  f o r  cont inuous c h l o r i n a t i o n  o r  
* A copy o f  t h e  schedule appears i n  t h e  appendix. 
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Tab le  2 - Present  Water Source and Use 
Shal low Sha l  low Hau l 
Deep We l  I  Wel I  From Comb i - 
We l l  Unt reated Treated C i s t e r n  Hoy l e t o n  Pond n a t i o n  
Human 
Consumption I  15 2 17 2 0  I 
Other House- 
h o l d  Uses 0 6 I  2 1 2 0  8 
M i  l k  House 0  3 5 2 I  0  0  
Water ing 
Da i r y  0  0  0  0  0  9 3 
Water i  ng Other 
L i ves t o c k  I 10 0  I  0  7  3 
l a t t e r  w i t h o u t  be ing  aware o f  do ing so. Th i s  seems t o  be t h e  case i n  t h i s  
area. When t h e  respondents were asked i f  they  cons idered themselves 
t o  have a  water  problem o r  i f  they  were s a t i s f i e d  w i t h  t h e i r  p resen t  
supply,  ove r  75 percen t  answered t h a t  they  were s a t i s f i e d  w i t h  t h e i r  
p resen t  source. Only t h r e e  o f  those  r e p o r t i n g  some t y p e  o f  l i v e s t o c k  
i n d i c a t e d  t h a t  t h e i r  l i v e s t o c k  opera t ions  were l i m i t e d  because o f  water  
supply .  However, over  21 percen t  o f  those r e p o r t i n g  l i v e s t o c k  on t h e i r  
farms p resen t l y ,  i n d i c a t e d  t h a t  i f  they  had an u n l i m i t e d  source o f  good 
q u a l i t y  water, t hey  would e i t h e r  expand t h e i r  p resen t  ope ra t i on  o r  i n i -  
t i a t e  some new e n t e r p r i s e .  There were o n l y  14, o r  37 percen t  o f  a l l  t h e  
respondents t h a t  f e l t  t h a t  t h e  possibility o f  a  water  shor tage was g r e a t  
enough t o  m e r i t  examinat ion o f  a l t e r n a t i v e  sources. Near ly  70 percen t  
i n d i c a t e d  they  would be i n t e r e s t e d  i n  o b t a i n i n g  a l l  o r  p a r t  o f  t h e i r  
water  f rom an o f f - t he - f a rm  source. Near ly  50 percen t  o f  those showing 
an i n t e r e s t  i n  some o f f - the- fa rm source o f  water  i n d i c a t e d  t h a t  they 
would i n  f a c t  change t h e i r  water  use h a b i t s  i f  they  had access t o  an 
u n l i m i t e d  supp ly  o f  water  a t  some reasonable p r i c e .  These changes i n -  
c luded such t h i n g s  as a c q u i r i n g  automat ic  washers, dishwashers, and 
expanding o t h e r  household uses t o  p lans f o r  automat ic  s p r i n k l i n g  systems 
f o r  hog barns and automat ic  p repa ra t i on  s t a l l s  f o r  d a i r y  c a t t l e .  Another 
example which i n d i c a t e s  t h a t  t h e  people i n  t h i s  area have ad jus ted  t o  
t h e i r  p r e s e n t l y  a v a i l a b l e  water  supp l i es  r a t h e r  than search ing f o r  new 
sources o r  t rea tment  p o s s i b i l i t i e s  f o l l o w s .  Over 75 percen t  o f  t h e  
people i n  t h i s  area were s a t i s f i e d  w i t h  t h e i r  p resen t  sources. However, 
n e a r l y  a l l  o f  these people haul  water o r  have water  hauled f o r  them some- 
t i m e  du r i ng  t h e  year.  I t  appears t h a t  t h e  people i n  t h e  s tudy  area 
have had water  problems f o r  many years and have made adjustments t o  t h e  
q u a n t i t y  and q u a l i t y  o f  water  p r e s e n t l y  a v a i l a b l e .  
An e f f o r t  was made t o  g a i n  i n f o r m a t i o n  about t h e  r e l i a b i l i t y  
o f  t h e  water  sources i n  t h e  area. Quest ions were asked p e r t a i n i n g  t o  
ac tua l  water  shortages t h a t  have occur red  i n  t he  area, when these  shortages 
occurred, t h e i r  du ra t i on ,  causes o f  t h e  shortages, i . e . ,  excess ive use, 
drought, contaminat ion,  e tc . ,  and how t h e  shortages were a l l e v i a t e d .  
The respondents were n o t  w i l l i n g  o r  a b l e  t o  p rov ide  adequate answers t o  
these  ques t ions .  Several respondents d i d  n o t  answer some o f  these  
quest ions.  When asked about t h e  frequency o f  shortages, answers such as 
"a couple o f  t imes"  o r  " 1  guess o n l y  once o r  tw i ce "  were o f f e r e d .  There 
were severa l  t h a t  repor ted  e i t h e r  t h a t  shortages occurred every year  a t  
t h e  p resen t  t ime, o r  every year  u n t i l  some s p e c i f i e d  t ime  such as, f o r  
example, t h e  t ime  t h a t  t h e  pond was b u i l t  o r  e x t r a  w e l l s  were dug. 
When asked about dates o f  s p e c i f i c  shortages, 14 o f  t h e  28 r e p o r t i n g  
water  shortages d i d  n o t  answer, 10 gave ranges a d m i t t i n g  lack o f  memory, 
and o n l y  4  gave s p e c i f i c  dates. No one o f f e r e d  answers t o  ques t ions  
concern ing du ra t i on .  I t  was hoped t h a t  dates and du ra t i ons  o f  repor ted  
shortages and c l i m a t o l o g i c a l  data cou ld  have been secured and t h a t  some 
es t imate  o f  t h e  p r o b a b i l i t y  o f  a  shor tage cou ld  be made. T h i s  was unable 
t o  be accomplished. When asked t h e  reason f o r  each shortage, 15 re -  
sponded lack  o f  p r e c i p i t a t i o n ,  one i n d i c a t e d  excess ive use, and n ine  
i n d i c a t e d  a combinat ion o f  t h e  two. No one i n d i c a t e d  t h a t  t h e  q u a l i t y  
o f  t h e  water  was ever  a  reason f o r  shor tage.  A l  l  o f  t h e  shor tages 
appeared t o  be a l l e v i a t e d  i n  t h e  s h o r t  run  by hau l ing ,  however, 12 o f  
t h e  28 who repo r ted  shortages proceeded t o  c o n s t r u c t  new ponds, t o  
expand e x i s t i n g  ponds, o r  t o  d i g  a d d i t i o n a l  w e l l s .  No one i n d i c a t e d  
t h a t  they  s o l d  any l i v e s t o c k  as a d i r e c t  r e s u l t  o f  any o f  t h e  shortages, 
a l though it seems t h a t  water  shortages have p layed a ma jo r  r o l e  i n  
de te rmin i  ng t h e  amount o f  l i ves tock  on these  farms. 
P o s s i b i l i t i e s  f o r  expanding t h e  on-the-farm sources i n  t h e  s tudy 
area appear t o  be p r i m a r i l y  expanding e x i s t i n g  ponds o r  c o n s t r u c t i n g  
a d d i t i o n a l  ponds. The p o s s i b i l i t y  o f  d i gg ing  more w e l l s  does e x i s t ,  
b u t  few people i n d i c a t e d  t h i s  as a means o f  i n s u r i n g  a wate r  supply .  
2. Q u a l i t y  o f  t h e  Water f rom Present  On-Farm Water Supp l ies  
The q u a l i t y  o f  t h e  water  supp l i es  i n  Washington County has been 
o f  widespread concern a t  l e a s t  s i  nce e a r l y  1970 when r e p o r t s  o f  t h e  
baby p i g  deaths were re leased.  I t  i s  app rop r i a te  a t  t h i s  p o i n t ,  t o  
def i ne t h e  r e  l  evant  U. S . Pub l  i c Hea l t h  ~tandards[30] .  The recommended 
upper l i m i t  f o r  n i t r a t e  (NO3) i s  45 p a r t s  per  m i  l l  i o n .  There a r e  re -  
commended l i m i t s  f o r  many o t h e r  chemical substances, b u t  n i t r a t e  i s  t h e  
one t h a t  i s  most r e l e v a n t  t o  t h i s  research.  B a c t e r i o l o g i c a l  q u a l i t y  
s tandards a r e  s p e c i f i e d  somewha* d i f f e r e n t l y .  Standards a r e  s p e c i f i e d  
depending upon t h e  techn ique  used t o  determine t h e  presence o f  b a c t e r i a  
o f  t h e  c o l  i f o r m  group. The a p p r o p r i a t e  s tandard i s  t h a t  no co l  i form 
counts  s h a l l  exceed 4/100 ml i n  two consecu t i ve  samples. 
Two s t u d i e s  have a l r eady  y i e l d e d  r e p o r t s  concern ing t h e  q u a l i t y  
o f  wa te r  e x i s t i n g  i n  Washington County, one by Smith, e t  a l  . [281, and 
another  by Gunderson and ~raun[12] .  Smi th ' s  s tudy  has been d iscussed 
e a r l  i e r .  Gunderson and Craun's research p rov ides  addl  t i o n a  l  i n fo rma t i on  
about  t h e  e f f e c t  o f  h i gh  doses o f  n i t r a t e  on young c h i l d r e n  i n  Washington 
County. The s tudy  was conducted i n  A p r i l  th rough June, 1971. The s tudy  
i n v o l v e d  c h i l d r e n  I  t o  8  years o f  age consuming h i gh  n i t r a t e  water .  I n  
t h e  process o f  t h e  study, wa te r  samples were taken  f rom 146 sha l low 
dug we1 l  s.  The r e s u l t s  were ve r y  much t h e  same as those  o f  S m i  t h  ' s  
s tudy .  Some 64 percen t  had over  45 ppm NO3 and 49 pe rcen t  had ove r  
100 ppm. B a c t e r i o l o g i c a l  a n a l y s i s  was made on 46 w e l l s ,  32 w i t h  h i gh  
n i t r a t e  con ten t  and 14 w i t h  low n i t r a t e  con ten t .  Only t h r e e  were ac- 
cep tab le  accord ing  t o  U. S.  P u b l i c  Hea l t h  Se rv i ce  D r i n k i n g  Water Standards 
Reports o f  a n a l y s i s  t h a t  had been made on wate r  samples taken 
f rom any o f  t h e  r es i den t s  i n  t h e  s tudy  area were requested f rom t h e  
Regional D iagnos t i c  Laboratory  a t  C e n t r a l i a ,  I  l l i n o i s .  The l a b o r a t o r y  
forwarded r e p o r t s  o f  10 farmers w i t h  a  t o t a l  o f  12 we1 I s  and 7 ponds 
be ing  sampled. B a c t e r i o l o g i c a l  a n a l y s i s  was performed on o n l y  2  o f  t h e  
12 we1 I s .  Arrangements were made w i t h  t h e  D iagnos t i c  Labora to ry  t o  
ana lyze  samples f rom t h e  remainder o f  t h e  r e s i d e n t s  i n  t h e  s tudy  area.  
Samples f rom bo th  w e l l s  and c i s t e r n s  were c o l l e c t e d  f rom a l l  b u t  t h r e e  
o f  t h e  remain ing 28 res i den t s  i n  t h e  area. One pond was a l s o  sampled. 
Combining t h e  two groups o f  wa te r  samples, a  t o t a l  o f  36 w e l l s ,  35 sha l low 
dug and I  d r i l l e d ,  21 c i s t e r n s ,  and 8  ponds i n  t h e  s tudy  area were sampled. 
O f  t h e  e i g h t  ponds t es ted ,  a l l  e i g h t  were found t o  be f r e e  from 
any n i t r a t e  con tamina t ion .  A l l  21 o f  t h e  c i s t e r n s  were a l s o  f r e e  o f  any 
n i t r a t e  contaminat ion,  however, n o t  one was r a t e d  s a t i s f a c t o r y  i n  terms 
o f  c o l i f o r m  counts .  C o l i f o r m  counts ranged f rom t h e  border  l i n e  4/100 ml 
t o  what was cons idered "excess ive"  even i n  a  s p e c i a l  c u l t u r e .  I t  i s  of 
i n t e r e s t  t o  no te  t h a t  severa l  o f  t h e  c i s t e r n s  sampled con ta ined  wate r  
t h a t  had been hauled, i n  presumably "uncontaminated" t ank  t r u c k s  o r  
wagons, f rom t h e  V i l l a g e  o f  Hoy le ton .  However, t h e  h i g h  c o l i f o r m  coun t  
s t i l l  occurred.  T h i s  i n d i c a t e s  t h a t  poor  c o n s t r u c t i o n  and improper 
maintenance a r e  p robab ly  t h e  causes o f  con tamina t ion  i n  most o f  t h e  
c i s t e r n  s u p p l i e s .  E i g h t  o f  t h e  35 sha l low w e l l s  were below t h e  45 ppm 
n i t r a t e  l e v e l .  The one d r i l l e d  w e l l  con ta ined  57.2 ppm, s l i g h t l y  ove r  
t h e  recommended l i m i t .  Tab le  3  shows a  summary o f  n i t r a t e  con ten t  i n  
sha l low w e l l s  i n  t h e  s tudy  area as compared t o  t h e  213 w e l l s  i n  t h e  
Smi th 's  county  survey[26]. O f  t h e  26 sha l low w e l l s  analyzed f o r  c o l i f o r m  
b a c t e r i a ,  o n l y  one was cons idered s a t i s f a c t o r y  and wate r  f rom t h i s  w e l l  
t e s t e d  0/100 ml.  C o l i f o r m  counts i n  t h e  o t h g r  w e l l s  ranged from 6/100 ml 
t o  aga in  what was cons idered t o  be "excessive" i n  a  spec ia l  c u l t u r e .  
Because o f  t h e  h i g h  c o l i f o r m  counts on t h e  one sample, it was recommended 
t h a t  immediate s teps  be taken  t o  t r e a t  t hese  sources and t o  resubmi t  a  
sample t o  t h e  D iagnos t i c  Labora to ry  as soon as poss ib l e .  
From an examinat ion o f  Tab le  3, one can see t h a t  t h e  s tudy  area 
very  c l o s e l y  resembles t h e  county  as a  whole, Approx imate ly  22.80 percen t  
o f  t h e  s t udy  area w e l l s  a r e  under t h e  45 ppm recommended l i m i t ,  whereas 
Tab le  3 - Summary o f  Shal low Well N i t r a t e  Levels  i n  t h e  Study 
Area and t h e  Countv 
Range Frequency Percen t  Frequency- a  / ~ e r c e n t y  
o f  NO3 Hoy l  e ton  Hoy l  e ton  Wash i ng ton  Washington 






30 1 -350 
35 1-400 
40 1 -450 
45 1 -over 
TOTAL 
I?'~mith, W.D., e t . a I  .[28] 
26.75 percen t  o f  t h e  countywide group f a l l s  below t h e  45 ppm l e v e l .  
Over 75 percent  o f  t h e  s tudy  area w e l l s  a r e  above 100 ppm whereas o n l y  
63  pe rcen t  o f  t h e  coun-i-ywide group a r e  above t h i s  l e v e l .  Thus, t h e  two 
groups o f  we1 I s  do show much si tn i  l a r i  t y  w i t h  t h e  s tudy  area hav ing a 
s l i g h t l y  h i g h e r  percent  o f  i t s  w e l l s  w i t h  h i ghe r  concen t ra t ions  o f  n i t r a t e .  
Thus we conclude t h a t  t h e  q u a l i t y  o f  t h e  p resen t  on-farm sources 
o f  water  supp ly  i n  t h e  s tudy  area i s  ve ry  poor. The average n i t r a t e  
con ten t  i n  t h e  36 w e l l s  sampled i s  179.8 ppm, we l l  over  t h e  P u b l i c  
Hea l t h  Se rv i ce ' s  recommended l i m i t .  N i t r a t e  con ten t  over  45 ppm i s  
much more dangerous f o r  i n f a n t s  o f  less than one year  o f  age than it i s  
f o r  a d u l t s .  Wh i le  t h e  n i t r a t e  contaminat ion i s  d e f i n i t e l y  a  problem, 
t h e  b a c t e r i a l  contaminat ion may we l l  be a more severe problem. 
3 .  V i  l  lage o f  Hoy l e t o n  Water System 
A reason f o r  s e l e c t i n g  t h i s  s tudy  area was t h a t  one o f  t h e  a l t e r -  
n a t i v e  sources o f  water  i s  an ex tens ion  o f  a  munic ipa l  system. The 
V i l l a g e  o f  Hoyleton i n  May, 1970, completed a waterworks system f o r  t h e  
". . .gather ing,  f i l t r a t i o n ,  d i s t r i b u t i o n ,  and s a l e  o f  water  t o  t h e  r e s i -  
dents o f  t h e  V i  l  l  age and t o  r es i den t s  o f  c e r t a i  n  areas o u t s i d e  t h e  
V i  l  laget'[31]. I n d i v i d u a l  suppl  i es  f o r  r es i den t s ,  businesses, f i r e  
p r o t e c t i o n ,  e tc . ,  were becoming inadequate. The V i l l a g e  had made un- 
successfu l  a t tempts t o  f i n d  a ground water  source which cou ld  be used 
as a c e n t r a l  source f o r  t h e  V i l l a g e  supp ly ,  The V i l l a g e  o f  New Mlnden 
( r e f e r  t o  F igu re  21, f i v e  m i l es  t o  t h e  west o f  Hoyleton,  was hav ing  
s i m i l a r  water  problems, Therefore,  these  two communities entered i n t o  
an agreement t o  purchase " f i n i s h e d "  munic ipa l  water,  i . e . ,  wa te r  t h a t  
had been t r e a t e d  v i a  some t r ea tmen t  f a c i l i t y ,  f rom t h e  C i t y  o f  N a s h v i l l e ,  
seven m i l e s  south o f  Mew Minden. The agreement was such t h a t  both 
communit ies would j o i n t l y  f i nance  t h e  t ransmiss ion  l i n e  from N a s h v i l l e  
t o  New Mlnden. Hoy le ton  would then  ,extend t h e  l i n e  f rom New Minden t o  
t h e  V i l l a g e  o f  Hoyleton.  The two V i l l a g e s  would share t h e  expense o f  
t h e  water  loss  t h a t  occurred between N a s h v i l l e  and New Minden a f t e r  
which t h e  expense was a l l  Hoy le ton 's .  The b i l l i n g  arrangement f o r  
water  purchased f rom t h e  system i s  as f o l l o w s :  N a s h v i l l e  b i l l s  Hoy le ton  
f o r  a l l  water  metered a t  t h e  edge o f  N a s h v i l l e .  New Minden reads meters 
and b i l l s  persons on l i n e  from N a s h v i l l e  t o  New Minden as we l l  as persons 
i n  t h e  V i l l a g e .  New Minden then pays Hoyleton f o r  t h i s  amount o f  water.  
Hoyleton i s  responsib le f o r  customers i n  t h e  V i l l a g e  o f  Hoyleton and 
those on t h e  l i n e  from New Minden t o  Hoyleton. 
The physical  s t ruc tu res  i n  t h e  system c o n s i s t  of  a s i x - i nch  
t ransmiss ion l i n e  from N a s h v i l l e  t o  New Minden, then t o  Hoyleton. 
Hoyleton has a standpipe f o r  c o l l e c t i o n  and storage, w h i l e  New Minden 
does not .  The res idents  o f  New Minden use d i r e c t l y  from t h e  l i n e .  A t  
New Minden t h e r e  i s  a means o f  pressure reduct ion  because o f  t h e  increase 
i n  pressure t h a t  i s  r e a l i z e d  due t o  the  drop i n  e leva t i on  from N a s h v i l l e  
t o  New Minden. A t  t h e  present t ime, t h e  standpipe a t  Hoyleton i s  never 
f i l  led t o  capac i ty .  Because o f  t h i s  a booster  s t a t i o n  i s  being considered 
t o  insure maximum storage f o r  emergencies. The cons idera t ion  o f  a booster 
s t a t i o n  was p r e c i p i t a t e d  by an e leva to r  f i r e  t h a t  drew t h e  water level  
uncomfortab l y low. 
The present arrangement i s  t h a t  water i s  purchased from N a s h v i l l e  
a t  t h e  r a t e  o f  40 cents per thousand gal Ions o f  water t h a t  passes through 
a master meter a t  t h e  nor th  edge o f  Nashv i l l e .  Subsequently, New Minden 
and Hoyleton estab I ish t h e i r  own r a t e  schedules f o r  t h e i r  respect ive  
customers. The present r a t e  schedule a t  Hoyleton i s  d i f f e r e n t i a t e d  
depending upon whether o r  no t  t h e  customer l i v e s  w i t h i n  the  V i l l a g e  
l i m i t s .  The d i f f e r e n t i a t i o n  i s  due t o  t h e  lack o f  t a x a b i l i t y  o f  those 
customers ou ts ide  t h e  V i l l a g e  l i m i t s .  The r a t e  schedule i s  shown i n  
Table 4 .  
I t  appears t h a t  t he re  would have t o  be f u r t h e r  graduat ions made 
i n  t h e  schedule i f  la rge  r u r a l  users such as d a i r y  farmers were t o  be 
encouraged t o  hook onto such a system. I t i s  no t  unrea I i s t i c  f o r  
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Tab le  4 - Monthlv Rate Schedule f o r  Hovleton Water Svstem 
GALLONS RATE FOR V l LLAGE RATE OUTSIDE VILLAGE 
2000 o r  l ess  $4.80 $6.25 
Next  2000 2.20/thousand 2.70/thousand 
Next  5000 1.95/thousand 2,40/thousand 
Over 9000 1 .50/thousand 1.90/thousand 
B u l k  Sa le  $1.60/thousand 
es t imated  water  requirements f o r  l a rge  dairymen t o  run as h i g h  as 50 t o  
100 thousand g a l l o n s  per  month. Proposed r a t e s  f o r  a r u r a l  water  system 
i n  t h e  Ca r l y l e ,  I l l i n o i s  area show r a t e s  graduated t o  over  65,000 gal  Ion 
monthly usages. Some s i m i  l a r  schedule would be a p p r o p r i a t e  i f  l a rge  
customers were t o  become p a r t  o f  t h e  Hoy l e ton  system. A f  i f i and   ass ie[2] 
p rov ide  a thorough examinat ion o f  water  p r i c i n g  and r a t e  de te rm ina t i on  
i n  t h e  s t a t e  o f  I l l i n o i s .  
The N a s h v i l l e  supply  i s  f u rn i shed  p r e s e n t l y  by a s u r f a c e  impoundment . 
west o f  t h e  C i t y  o f  N a s h v i l l e .  Th i s  system a l s o  has access t o  raw water 
f rom t h e  Washington County Conservat ion Lake, south o f  t h e  c i t y ,  i n  
t imes o f  emergency. An eng ineer ing  eva lua t i on  o f  t h e  N a s h v i l l e  system 
was made i n  1969, showing t h e  system t o  be adequate a t  t h e  present,  b u t  
t h a t  a l l  phases o f  t h e  system, impoundment, t reatment ,  and s to rage  should 
be expanded t o  meet p r o j e c t e d  usages. Plans f o r  c a r r y i n g  o u t  these 
recommendations have been made and some have been i n i t i a t e d .  The 
Washington County P lann ing  Commission i s  p r e s e n t l y  work ing on p lans f o r  
t h e  es tab l i shment  o f  a l a rge  r e s e r v o i r  o f  t h e  s i z e  t h a t  w i l l  g i v e  
N a s h v i l l e  e s s e n t i a l l y  an u n l i m i t e d  supp ly  f o r  t h e  f u t u r e .  
The Hoyleton-New Minden system was designed t o  handle expanded 
usages due t o  increased per  c a p i t a  usage as w e l l  as a d d i t i o n a l  users 
hook ing i n t o  t h e  system. I n  view o f  t h e  p resen t  improvements t o  t h e  
i n i t i a l  source o f  t h e  I f f  in ishedl '  water  f o r  Hoy l e t o n  and t h e  o r i g i n a l  
design o f  t h e  Hoy le ton  system, it i s  assumed t h a t  t h e  system does have 
adequate supply  t o  handle t h e  expanded usage due t o  p a r t  o r  a l l  o f  t h e  
s tudy  area res iden t s  be ing  inc luded  i n  t h e  system. 
4. Water Hau l i ng  S i t u a t i o n  i n  t h e  Study Area 
Haul i ng  water  f rom an o f f - t he - f a rm  source i s  p resen t l y  t h e  means 
by which t h e  res iden t s  i n  t h e  s tudy  area make up t h e  d i f f e r e n c e  between 
t h e i r  p resen t  supp ly  and t h e i r  water  requi rements.  The source o f  most 
o f  t h e  water  t h a t  i s  hauled i n  t h e  s tudy  area i s  t h e  Hoy le ton  Water 
System. The "honor system" i s  used f o r  persons w ish ing  t o  purchase water  
i n  b u l k  amounts. P rov i s i ons  have been made f o r  loading (pumping) water  
i n t o  tank  t r ucks ,  tanks on t r u c k s  o r  wagons, e t c .  The water  i s  metered 
and t h e  person h a u l i n g  t h e  water  w r i t e s  h i s  name and amount o f  water  
taken on a t i c k e t  t h a t  i s  p rov ided  and p laces t h i s  b i l l  i n  t h e  c o l l e c t i o n  
box. The V i  l  lage C l e r k  co l  l e c t s  t h e  t i c k e t s  p e r i o d i c a l  l y  and t h e  h a u l e r  
i s  b i l l e d  i n  a  monthly s ta tement .  
Arrangements were made w i t h  t h e  V i l l a g e  C l e r k  t o  review t h e  
q u a n t i t i e s  o f  water  t h a t  were purchased from Nashvi l l  e  and t h e  q u a n t i t i e s  
used a t  each p o i n t  a long t h e  l i n e  from N a s h v i l l e .  A summary o f  t h e  
q u a n t i t i e s  o f  water  used a t  va r i ous  stages o f  t h e  system i s  presented 
i n  [ 2 2 ] .  The average amount hauled f rom t h e  V i  l  l  age o f  Hoy l e t on  was 
es t imated  t o  be 15.1 percen t  o f  a l l  o f  t h e  water  t h a t  i s  a v a i l a b l e  a t  
Hoy l  e ton.  
The s tudy  area was d i v i d e d  i n t o  t h r e e  subareas I ,  I I ,  and I l l ,  
as shown i n  F igu re  3.  The d i v i s i o n s  were made based on d a i l y  requirements 
determined by  t h e  i n t e r v i e w s  taken  o f  each r e s i d e n t  i n  t h e  s tudy  area. 
I t  was found t h a t  ove r  47 percen t  o f  t h e  demand f o r  wa te r  i n  t h e  s tudy  
area was a long t h e  road eas t  and no r th  o f  Hoyleton, des ignated Area I 
( F i g u r e  3) . Over 42 percen t  o f  t h e  t o t a  l  area demand f o r  water  was found 
t o  e x i s t  i n  t h e  area designated Area I I ,  w i t h  t h e  remain ing 10 percen t  
be ing  i n  Area I l l .  Therefore,  it was f e l t  t o  be o f  i n t e r e s t  t o  determine 
t h e  amount o f  wa te r  hauled i n t o  each o f  t h e  t h r e e  subareas. A summary 
o f  t h e  subarea d e s t i n a t i o n s  o f  t h e  hauled water  i s  presented i n  Tab le  5. 
Tab le  5  shows t h a t  nea r l y  80 percen t  o f  t h e  water  h a u l i n g  occurs 
i n Area I, w i t h  Areas I  I  and I  I I comb i ned, account i  ng f o r  on l y  20 percen t  
on t h e  average. Th i s  c o n s i s t e n t l y  h i g h  percen t  o c c u r r i n g  i n  Area I  
i s  p a r t i a l  l y  a t t r i b u t e d  t o  two respondents who repo r ted  t h a t  they  
hauled a l  l  t h e  wate r  f o r  d r i nk i ng ,  o t h e r  household uses, and f o r  t h e i r  
dai  r y  m i  l k  houses. Tab l e  5  a l s o  shows t h a t  r es i den t s  o f  Area I I I  e i t h e r  
have e x c e p t i o n a l l y  good'on-the-farm sources, o r  t h a t  t hey  do n o t  have 
a  demand f o r  water  as l a rge  as do res iden t s  o f  Areas I  and I I .  Only f o u r  
o f  t h e  res iden t s  i n  Area I  1 I repor ted  t h a t  they  had any l i ves tock  w i t h  
one o f  t h e  f o u r  r e p o r t i n g  o n l y  two horses and another  around 500 ch ickens.  
I t  i s  concluded t h a t  t h e  wate r  supp l i es  i n  t h e  s tudy area a r e  
s u f f i c i e n t l y  inadequate t h a t  on t h e  average it i s  necessary t o  haul  
nea r l y  30,000 ga l lons p e r  month t o  meet demand requ i rements w i t h  more 
than  double t h a t  amount hauled i n  c r i t i c a l  shor tage months. Hau l i ng  
water  n o t  o n l y  cos ts  $1.60 per  thousand gal  lons, it requ i res  a  man 
and equipment each o f  which may have a  h i g h  o p p o r t u n i t y  cos t .  


I V .  WATER REQUl REMENPS IN THE STIJDY AREA 
One o f  t h e  primary reasons f o r  i n te rv iew ing  each o f  t he  res idents  
i n  t h e  study area was t o  determine t h e i r  water requirements. Th is  was 
accomplished by determining t h e  number o f  persons l i v i n g  a t  each r e s i -  
dence and t h e  maximum numbers o f  l i ves tock  t h a t  were on each farm a t  
any one t ime  dur ing  t h e  year.  The maximum number o f  l i v e s t o c k  was 
desi red r a t h e r  than t h e  present  amount because l ivestock popu la t ion  
may have been a t  an unusual ly low level  due t o  recent  sales o r  o the r  
reasons. The numbers o f  persons and l i v e s t o c k  were then m u l t i p l i e d  by 
t h e i r  respect ive  d a i l y  requirements t o  a r r i v e  a t  a  t o t a l  d a i l y  requ i re -  
ment f o r  each residence. A summary o f  t h e  water requirements f o r  t h e  
whole study area i s  presented i n  Table 6 .  The res idents were asked 
i f  they  would expand t h e i r  present opera t ion  o r  i n i  t i a t e  a  new en te rp r i se  
i f  they had a l l  t h e  water they desi red.  Of those interviewed, seven 
s a i d  they would expand o r  s t a r t  new enterpr ises .  I f  t h e  expansion ( o r  
i n i t i a t i o n  o f  new operat ions)  were t o  take p lace the  area water requ i re -  
ment would i ncrease by 8,980 gal Ions per  day o r  t o  a  t o t a l  o f  60,960 
ga l lons  per  day. 
From the  in terv iews,  it was apparent t h a t  most o f  t he  water use 
was located i n  two d i f f e r e n t  segments o f  t h e  study area; one eas t  and 
one nor th  o f  t h e  V i l l a g e  o f  Hoyleton. 
Because o f  t h i s ,  and the  physical  l oca t i on  o f  t h e  res idents  w i t h i n  
t h e  study area, it seemed appropr iate t o  d i v i d e  the  area i n t o  th ree  
subareas, designated I ,  I I ,  and I l l  (see Figure 3, page 271, and t o  
examine the  a l t e r n a t i v e  sources i n  terms o f  these th ree  subareas. The 
Tab le  6 - Study Area D a i l y  Water Requirements i n  
Gal l ons Per  Dav 
Number i n  ~ v e r a ~ e ~  Da i l  y To ta  l  
Species Study Area Requ i rement Req u i rement 
Human 126 5 0 6,300 
D a i r y  ( N P ) ~  26 5 
Da i r y  (PI' 535 
Beef 
Hogs 
Horses 24 10 240 
Ch i ckens 15,300 l 0 /100  1,530 
TOTAL -- - - 5 1,980 
Source o f  average d a i l y  requirements i s  "Guide f o r  Engineers 
i n  t h e  Design o f  Rural Community Water Systems i n  I l l i ' n o i s , "  
FHA, PN418, January 20, 1970. 
D a i r y  C a t t l e  n o t  i n  p roduc t ion .  
D a i r y  C a t t l e  i n  p roduc t ion .  15 g a l l o n s  per  cow pe r  day i s  
used f o r  f l u s h i n g  s t a b l e s  and washing u t e n s i l s .  
human and maximum l i v e s t o c k  popu la t ions  and t h e i r  r e s p e c t i v e  wate r  
requirements a r e  shown i n  Tab le  6. I f  those  who wished t o  expand t h e i r  
p resen t  ope ra t i on  d i d  so, t h e  rank ing  o f  t h e  areas i n  terms o'f water  
requi rement  would remain t h e  same, however, t h e  percentages would 
change as seen i n    able 7. The increase i n  Subarea I would r e s u l t  
e n t i r e l y  f rom an a n t i c i p a t e d  inc rease  i n  t h e  d a i r y  c a t t l e  by 140 head. 
The average o f  t h e  two d a i l y  requirements ( f o r  those  i n  p roduc t i on  
and those  n o t  i n  p roduc t ion)  was used as t h e  f a c t o r  t o  determine t h e  
inc rease  i n  subarea t o t a l  requirement.  Approximately two - th i r ds  o f  
t h e  inc rease  i n  Subarea I I  would r e s u l t  f rom an a n t i c i p a t e d  inc rease  

i n  t h e  p o u l t r y  popu la t i on  o f  34,500 b i r d s .  The remain ing one-th i r d  o f  
t h e  inc rease  would be due t o  an inc rease  o f  t h e  swine popu la t i on .  Residents 
i n  Subarea I l l  r epo r ted  no d e s i r e  t o  expand t h e i r  p resen t  ope ra t i ons  o r  
i n i t  i a t e  any new ones. Des i red  changes t h a t  wou l  d  i ncrease t h e  water  
usage, b u t  t h a t  a re  n o t  expansions o f  a  l i ves tock  o p e r a t i o n  and cannot 
be e a s i l y  es t imated  a r e  such changes as a c q u i r i n g  automat ic  washers, d ish -  
washers, and o t h e r  water-us i ng conveniences i n  t h e  house, s p r i  nk l  i ng  
systems f o r  swine barns, and automat ic  p repa ra t i on  s t a l l s  f o r  d a i r y  
c a t t l e .  A l l  o f  these  changes were repo r ted  by respondents as d e s i r a b l e  
i f  t hey  cou ld  acqu i re  s u f f i c i e n t  wa te r  a t  a  reasonable p r i c e .  Thus, t h e  
expanded t o t a l s  i n  Table 7 a r e  underest imated t o  some e x t e n t .  
A f a c t o r  c l o s e l y  r e l a t e d  t o  t h e  uses o f  wa te r  i s  t h e  q u a l i t y  o f  
t h e  water .  O f t en  o n l y  one d i s t i n c t i o n  i s  made concern ing t h e  qua1 i t y  
o f  water;  t h a t  i s ,  water  i s  e i t h e r  s a f e  f o r  human consumption o r  it i s  
no t .  These two q u a l i t i e s  w i l l  be des ignated as q u a l i t y  I  and q u a l i t y  I I ,  
r e s p e c t i v e l y .  Th i s  dichotomy i s  n o t  mu tua l l y  exc lus i ve ;  wa te r  t h a t  i s  
s a f e  f o r  human consumption, q u a l i t y  I ,  can be used f o r  o t h e r  uses, such 
as household uses o t h e r  than  consumption, wa te r ing  l i v e s t o c k ,  e tc . ,  b u t  
water  t h a t  may be s u i t a b l e  f o r  wa te r i ng  l i v e s t o c k ,  q u a l i t y  I I ,  may n o t  
always be s a f e  f o r  human consumption. T h i s  d i f f e r e n c e  i n  t h e  q u a l i t y  o f  
wa te r  i s  ve ry  apparent  t o  t h e  d a i r y  farmer s i n c e  a l  l  water  t h a t  i s  used 
f o r  washing t ransmiss ion  l i n e s ,  h o l d i n g  tanks,  and o t h e r  m i l k i n g  equipment 
must be s a f e  f o r  d r i n k i n g .  Th i s  i s  enforced by p e r i o d i c  check ing o f  
mi'l Ring equipment and water  suppl i e s  by m i  l  k  inspec to rs .  I t  i s  r a t h e r  
obv ious t h a t  water  used f o r  human consumption, dishwashing, e t c . ,  
should be of q u a l i t y  I s tandard, however, t h e r e  i s  p r e s e n t l y  no means 
o f  e n f o r c i n g  such a requirement i n  p r i v a t e  residences. I n  o t h e r  words, 
pub l  i c  h e a l t h  r e g u l a t i o n s  p r o t e c t  people f rom use o f  pub l  l c  wa te r  suppl i es  
conta i n i  ng waterborne diseases, b u t  t h e r e  a r e  no regu l  a t i o n s  t h a t  p r o t e c t  
people from t h e i r  own p r i v a t e  sources which may be contaminated. Thus, 
l i t t l e  can be l e g a l l y  done i f  people knowingly  con t inue  t o  consume unsafe 
wate r  on t h e i r  own p rope r t y .  
O f  t h e  38 residences i n  t h e  study, 10 repor ted  no l i v e s t o c k  a t  
a l l .  Three more repor ted  t h a t  t h e  o n l y  t y p e  o f  l i v e s t o c k  on t h e  farm was 
2, 5, and 9 p leasure  horses each. Two a d d i t i o n a l  respondents repo r ted  
t h a t  t h e i r  on l y  l  i ves tock  was 200 and 600 chickens, r e s p e c t i v e l y .  
Consequently, 23 o f  t h e  res iden t s  i n  t h e  area own a m a j o r i t y  o f  t h e  
l i v e s t o c k .  From another  examinat ion o f  Table 7, one sees t h a t  t h e  
l a rge  wate r  requirements i n  each subarea a r e  a r e s u l t  o f  l a rge  numbers 
o f  da i r y ,  espec ia l  l y  i n  Subarea I ,  o r  hogs and beef ,  i n  Subarea I I .  
Thus, t h e r e  seems t o  be t h r e e  na tu ra  l c l  ass i f i c a t  ions o r  types o f  farmers 
i n  t h e  area. One t y p e  i s  designated ' f r u ra  l  r es i den t . "  Persons i n  t h i s  
c l a s s i f i c a t i o n  a re  those  whose p r imary  demand f o r  water  i s  f o r  household 
uses w i t h  o n l y  m inor  demands f o r  l i v e s t o c k  purposes. T h i s  group was made 
up o f  t h e  t e n  respondents who repo r ted  no l i v e s t o c k  as w e l l  as t h e  f i v e  
t h a t  had o n l y  a smal l  amount. These people cou ld  be g r a i n  farmers o r  
o n l y  r u r a l  r es i den t s  who work i n  a nearby c i t y  o r  v i  l lage. The second 
c l a s s i f i c a t i o n  can be designated as " p r i m a r i l y  d a i r y . "  As t h e  name 
i m p l i e s  farmers i n  t h i s  category have more t han  25 cows i n  p roduc t ion .  
There a r e  seven farmers i n  t h i s  c l a s s i f i c a t i o n  w i t h  m i l k i n g  herds rang ing  
f rom 30 t o  150 head. Farmers i n  t h i s  category have l a rge  requirements 
f o r  qua1 i t y  I  water  f o r  use i n  t h e  m i  l  khouse i n  a d d i t i o n  t o  t h a t  used 
i n  t h e  household. T h e i r  requirement f o r  qua l  i t y  1 1  water  i s  a l s o  
r e l a t i v e l y  l a rge  s i n c e  d a i r y  c a t t l e  a r e  l a rge  consumers o f  water .  The 
t h i r d  c l a s s i f i c a t i o n  i s  "general l i v e s t o c k "  farmers.  Th i s  group i s  
made up o f  those  farmers w i t h  25 o r  fewer d a i r y  cows i n  p roduc t i on  and/or 
l a rge  swine herds, beef herds, and/or p o u l t r y  opera t ions .  Th i s  group 
has less demand f o r  q u a l i t y  I water  than  t h e  " p r i m a r i l y  d a i r y "  group, 
however, t h e i r  requirement f o r  qua1 i t y  I I water  i s  a lmost  t h e  same. 
For  t h e  purpose o f  t h i s  s tudy,  t h e  mean and t h e  range o f  requirements 
f o r  each o f  t h e  t h r e e  c l a s s i f i c a t i o n s  o f  farmers were determined by 
q u a l i t y  o f  wa te r  requ i red .  I t  was assumed t h a t  i f  an abundant, r e l i a b l e  
source o f  qua l i t y  I water  were avai  lab le, it wou l  d be used f o r  a1 l uses 
i n  t h e  household. Thus, t h e  requirement o f  50 ga l l ons  per  day pe r  c a p i t a  
i s  assumed t o  be a l l  qua1 i t y  I water .  A summary o f  t h e  mean wate r  re -  
quirements i s  presented i n  Tab le  8. 
Tab le  8 - Water Requirement by Category o f  Farmer by 
Q u a l i t y  o f  Water i n  Gal lons per  Day 
Q u a l i t y  I Q u a l i t y  I  I 
Category Plea n Range Mean Range 
Rural  Resident  150 gpd 50-300 gpd 13 gpd 0-90 gpd 
P r ima r i  l y  Da i r y  1 165 gpd 600-2,500 gpd 1,722 gpd 900-3,500 gpd 
Genera l  
L i ves t o c  k 240 gpd 100-625 gpd 1,492 gpd 60-7,400 gpd 
V . COST AhlALYS I S OF WATER SOURCES 
The p resen t  sources o f  water  f o r  t h e  res iden t s  i n  t h e  s tudy 
area a r e  ( I )  i n d i v i d u a l  farm w e l l s  ( w i t h  excep t ion  o f  one, a l l  a r e  
la rge  diameter,  sha l  low t ype ) ,  ( 2 )  c i s t e r n s  and ( 3 )  ponds. I n  a d d i t i o n  
t o  these  t h r e e  on-farm sources any shor tages a r e  p r e s e n t l y  be ing  made 
up by hau l l ng from an o f f  - the-farm source, usua l l y  t h e  V i  l l age o f  Hoy l  e ton.  
I n  a d d i t i o n  t o  t h e  p resen t  on-farm sources, p o s s i b l e  a l t e r n a t i v e  sources 
inc lude :  ( I )  a  c e n t r a l  we l l  t h a t  would se rve  severa l  farmers, ( 2 )  a 
cen t ra  l r ese rvo i  r t h a t  wou l  d  se rve  severa l  farmers, and ( 3 )  connect i on  
t o  a  munic ipa l  source. A d iscuss ion  o f  each o f  these  s i x  sources and 
t h e i r  cos ts  f o l  lows. 
The net -present-va lue method i s  used t o  compare t h e  cos ts  o f  a l t e r -  
n a t i v e  water  sources [4  and 57 .  Th i s  method requ i res  t h e  d i scoun t i ng  
o f  cos ts  t o  t h e i r  p resen t  values. Recognizing t h a t  d i f f e r e n t  a l t e r n a t i v e s  
have d i f f e r e n t  lengths o f  l i f e ,  d i f f e r e n t  t i m i n g  o f  major  r epa i r s ,  e tc . ,  
t h e  t i m e  h o r i z o n  ( i . e . ,  I-he t o t a l  length o f  t i m e  over  which t h e  a l t e r -  
na t i ves  a r e  t o  be cons idered) ,  t h e  expected use fu l  l i f e  o f  each a l t e r n a t i v e ,  
and t h e  d iscoun t  r a t e  s e l e c t i o n  a r e  o f  major  importance. For  t h i s  study, 
t h e  t o t a l  length o f  t i m e  over  wh i ch  t h e  a l t e r n a t i v e s  a re  t o  be cons idered 
i s  40 years.  Although most o f  t h e  ana l ys i s  assumes a d i scoun t  r a t e  o f  
7 1/2 percent ,  t h e  e f f e c t  o f  va ry i ng  t h e  i n t e r e s t  r a t e  on r e l a t i v e  
cos ts  o f  a l t e r n a t i v e  sources i s  a l s o  s tud ied .  The expected usefu l  
l i f e  o f  i n d i v i d u a l  sources as we1 l as t i m i n g  o f  major  r e p a i r  and replacement 
i tems w i l l  be discussed i n  connect ion w i t h  each a l t e r n a t i v e  source. 
I  . On-Farm Wel l  s  
The t y p e  o f  w e l l  most s u i t a b l e  f o r  t h e  t y p e  o f  geo log i ca l  c o n d i t i o n s  
found i n  t h i s  area i s  t h e  l a r g e  d iameter  (36  inches o r  more) sha l  low we1 l  . 
T h i s  t y p e  o f  w e l l  i s  used i n  areas where c l a y  fo rmat ions  a r e  predominant 
and t h e  bored h o l e  w i l l  s tand  open u n t i l  a  leng th  o f  cas i ng  can be 
i n s t a l l e d .  The cas ing  u s u a l l y  c o n s i s t s  o f  t h r e e  o r  f o u r  s e c t i o n s  o f  
l a rge  d iameter  concre te  p i p e  s tacked  one upon another .  The upper 10 f e e t  
o f  t h e  w e l l  shou ld  be sealed t o  p reven t  con tamina t ion  f rom seepage i n t o  
t h e  w e l l  by  wa te r  c o n t a i n i n g  contaminants f rom p r i v i e s ,  cesspools,  s e p t i c  
tanks,  and sewers. I n  t h e  s tudy  area most o f  t h e  w e l l s  a r e  n o t  sea led  
and a r e  o f  t h e  o l d  s t y l e  c o n s t r u c t i o n  us ing  b r i c k  f o r  t h e  cas ing .  The 
y  i e l  ds o f  these  we l l  s  a r e  n o t  l  arge (genera l  l  y  less t han  f 1 ve gpm) . 
Re l iance  i s  p laced  on t h e  s to rage  and seepage c a p a b i l i t i e s  o f  these  
w e l l s  t o  s a t i s f y  peak demands. I t  has been suggested by personnel  a t  
t h e  I l l i n o i s  S t a t e  Water Survey t h a t  y i e l d s  o f  t h i s  t y p e  o f  w e l l  i n  
t h i s  p a r t i c u l a r  area o f  t h e  s t a t e  would probably  be c l o s e r  t o  one t o  two gpm 
r a t h e r  t han  t o  f i v e  gpm. The s to rage  capac i t y  o f  a  36 inch d iameter  
w e l l  i s  53 g a l l o n s  o f  wa te r  pe r  f o o t  o f  depth[23]. E f f e c t i v e  s t o rage  
c a p a c i t y  i s  l i m i t e d  by h e i g h t  o f  t h e  wa te r  t a b l e  and t h e  depth o f  t h e  
w e l l .  As an example, cons ider  a s h a l l o w  w e l l  25 f e e t d e e p  w i t h  t h e  
wate r  t a b l e  7  f e e t  below t h e  sur face .  Suppose t h a t  it was des i r ed  n o t  
t o  draw t h e  l e v e l  o f  wa te r  below 5  f e e t  f rom t h e  bottom. Thus, t h e  
s t o rage  c a p a c i t y  i s  (251-71-51,) x 53 g a l l o n s  pe r  f o o t  o r  689 g a l l o n s .  
N a t u r a l l y ,  as t h e  wate r  t a b l e  f l u c t u a t e s ,  t h i s  c a p a c i t y  w i t  l a l s o  va ry .  
I n  some p a r t s  o f  t h e  s t a t e ,  two o r  more w e l l s  o f  t h i s  t y p e  may 
be  r e q u i r e d  t o  f u r n i s h  an adequate domest ic supp ly .  I n  t h e  s tudy  area 
t h e r e  a r e  severa l  people who have more than  one w e l l  on t h e i r  p rope r t y .  
Some a r e  n o t  p r e s e n t l y  be ing  used e i t h e r  because t h e  farmers have swi tched 
t o  less i n t e n s i v e  l i v e s t o c k  opera t ions  o r  t hey  have r e t i r e d  and no longer 
have any l i v e s t o c k .  Thus, t h e i r  need f o r  l a rge  q u a n t i t i e s  o f  wa te r  has 
d imin ished.  
James P. Gibb o f  t h e  l l l  i n o i s  S t a t e  Water Survey has p rov ided  
c o s t  i n f o rma t i on  f o r  p r i v a t e  home ground water  supp ly  systems i n  I l  l i n o i s  
[ lo] .  Data developed i n  Gibbls s tudy  a r e  used f o r  e s t i m a t i n g  we1 l  cos ts .  
The we1 l  c o s t  r e s u l t i n g  f rom t h e  use o f  Gibbls procedure was increased 
by 5  percen t  t o  b r i n g  t h e  c o s t  t o  a  1971 p r i c e  l e v e l .  
Gibb a l s o  c o l l e c t e d  cos ts  o f  approx imate ly  200 domest ic pumping 
systems i n s t a l l e d  du r i ng  1967, 1968, and 1969[10]. These data inc luded  
t h e  i n s t a l  l ed  cos ts  o f  t h e  pump, p i t l e s s  adapter  u n i t ,  p ressure  tank ,  
and a l l  assoc ia ted  p i p i n g  and w i r i n g .  The pump c a p a c i t i e s  ranged from 
I  t o  ove r  20 gpm. These cos ts  were a l s o  ad jus ted  t o  a  1971 p r i c e  l e v e l .  
The mean and t h e  median cos ts  of t h e  systems cons idered by Gibb 
were about $585 and $510, r e s p e c t i v e l y ,  w i t h  over  50 percen t  i n  t h e  
range $400 t o  $680. For t h i s  s tudy  a  c o s t  o f  $520 (1969 d o l l a r s )  was 
chosen wh i ch when increased 5  percen t  t o  r e f  l  e c t  197 1 va l  ues r e s u l t s  
i n  a  pumping system c o s t  o f  $546. 
Based on Gibbls est imates t h e  median s e r v i c e  l i v e s  o f  domestic 
w e l l s  and pumps were assumed t o  be 20 and 10 years,  r e s p e c t i v e l y .  S ince 
t h e  t i m e  h o r i z o n  was s p e c i f i e d  as 40 years, t h e  we1 l w i l l  need t o  be 
rep laced a f t e r  20 years and t h e  pumping system a t  10 year  i n t e r v a l s ,  
i .e. ,  i n  year  10, 20, and 30. Knowing t h e  d i scoun t  r a te ,  t h e  length 
o f  use fu l  l i f e ,  and t h e  t ime  hor izon,  t h e  c o s t  o f  t h e  shal low w e l l  
a l t e r n a t i v e  can be determined. Costs o t h e r  than  f o r  t h e  c o n s t r u c t i o n  
o f  t h e  w e l l  and pumping system t h a t  need be cons idered i n  t h e  assoc ia ted  
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c o s t  stream a r e  t h e  annual maintenance and power o r  o p e r a t i n g  cos ts ,  
es t imated  t o  6e $10 pe r  year .  
A l l  cos ts  assoc ia ted  w i t h  t h e  sha l low w e l l  a l t e r n a t i v e  w i l l  be 
i d e n t i c a l  f o r  a l  l  t h r e e  o f  t h e  subareas w i t h  t h e  excep t ion  o f  t h e  we1 l 
c o n s t r u c t i o n  c o s t  which i s  dependent upon depth o f  t h e  w e l l .  The depths 
a r e  assumed t o  be 26, 25, and 30 f e e t  i n  Subareas I ,  I I ,  and I l l ,  
r e s p e c t i v e l y .  Using Gibbls equa t ion  t h e  c o n s t r u c t i o n  cos ts ,  i n c l u d i n g  
t h e  5  percen t  inc rease  t o  a d j u s t  t o  1971 costs ,  a r e  $346.00 i n  Subarea I ,  
$333.90 i n  Subarea I I ,  and $394.38 i n  Subarea l l I .  The d e t a i  I s  o f  t h e  
cos ts  i ncu r red  d u r i n g  t h e  l  i f e  o f  t h e  investment appear i n  MooreC2I and 
221. The p resen t  values o f  cos ts  (40-year s e r v i c e  pe r i od )  f o r  sha l  low 
w e l l s  a r e  as f o l l o w s :  Area 1 ,  $1555, Area 1 1 ,  $1540, and Area 1 1 1 ,  $1615. 
2. C i s te rns  
Since t h e  c i s t e r n  i s  used so  w i d e l y  i n  t h i s  area, cons ide ra t i on  
must be g i v e n  t o  t h  i s  source o f  water  supply .  There a r e  on l y  5  o f  t h e  
38 res iden t s  i n  t h e  s tudy  area t h a t  do n o t  have a  c i s t e r n .  Only one 
o f  t h e  res iden t s  uses a  c i s t e r n  as t h e  s i n g l e  source o f  water,  w h i l e  
severa l  use a  c i s t e r n  as t he  s i n g l e  source o f  wa te r  f o r  household and 
d r i n k i n g  purposes. Two res iden t s  i nd i ca ted  t h a t  each had two c i s t e r n s .  
The I l l i n o i s  Department o f  P u b l i c  Hea l th  suggests t h a t ,  "A  
c i s t e r n  can be made a  reasonably s a t i s f a c t o r y  source o f  d r i n k i n g  water,  
b u t  shou I d  be used o n l y  a f t e r  e f f o r t s  a t  produc ing o t h e r  sources o f  
water  have f a i l ed . . . .  C i s t e r n  water  cannot be cons idered assuredly  safe 
un less it i s  b o i l e d  o r  d i s i n f e c t e d  w i t h  a  chemical; t h e r e f o r e ,  a  c i s t e r n  
shou ld  n o t  be b u i l t  f o r  a  d r i n k i n g  water  source un less every reasonable 
means f o r  ground water devel opment has been exhausted ."[71 
About h a l f  o f  t h e  38 res iden t s  i n  t h e  s tudy  area use c i s t e r n s  f o r  
t h e i r  d r i n k i n g  water  w h i l e  t h e  remaining h a l f  use w e l l s .  Because t h e r e  
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Therefore,  a  c i s t e r n  w l t h  a  4,000 g a l l o n  capac i t y  w i l l  be used 
i n  t h e  e s t i m a t i o n  o f  t h e  c o s t  f o r  t h i s  a l t e r n a t i v e ,  recogn iz ing  t h a t  t h e  
c i s t e r n  i s  used o n l y  as a  supplement t o  o t h e r  water  sources on a l l  b u t  
one res idence i n  t h e  s tudy  area. 
The items o f  cos ts  assoc ia ted w i t h  t h e  c i s t e r n  a re  very  s i m i l a r  
t o  those  o f  a  shal low w e l l ,  i .e. ,  cons t ruc t i on ,  pumping system, and 
maintenance. The average use fu l  l i f e  o f  a  c i s t e r n  i s  es t imated  a t  
20 years, t h e  same as t h a t  o f  a  shal low w e l l .  S ince  t h e  pump and 
d i s t r i b u t i o n  system f o r  a  c i s t e r n  i s  t h e  same as t h a t  f o r  a  sha l  low 
w e l l ,  it i s  assumed f o r  t h e  purpose o f  t h i s  s tudy t h a t  t h e  use fu l  l i f e  
o f  t h i s  system i s  a l s o  t h e  same as t h a t  o f  t h e  shal low w e l l ,  10 years.  
To acqu i re  a  meaningful  es t ima te  o f  t h e  c o n s t r u c t i o n  cos ts  f o r  
c i s t e r n s ,  a  concre te  products  f i r m  i n  t h e  general  l o c a l i t y  o f  t h e  s tudy 
area was contacted.  Th i s  f i r m  handled o n l y  pre-cast  c i s t e r n s  o f  va r ious  
s i z e s .  The l a r g e s t  c i s t e r n  t hey  handled was a  4,000 ga l  Ion, p re -cas t  
c i s t e r n  which cos ts  $440. T h i s  f i r m  charges $100 f o r  i n s t a l  l a t i o n  o f  
t h i s  s i z e  c i s t e r n .  Therefore,  an i n i t i a l  c o s t  f o r  t h e  c i s t e r n  i s  $540. 
S ince  t h e  t i m e  ho r i zon  i s  40 years and t h e  average expected l i f e  o f  a  
c i s t e r n  i s  20 years, t h e  i n i t i a l  c o s t  w i l l  again need t o  be i ncu r red  
i n  t h e  t w e n t i e t h  year, t20. 
The pumping system, as s t a t e d  p rev ious l y ,  i s  t h e  same as t h a t  
f o r  t h e  shal low w e l l .  The a d d i t i o n a l  c o s t  i ncu r red  f o r  spou t i ng  and 
f i l t e r  i n  t h e  c i s t e r n  system i s  assumed t o  be t h e  same as t h e  s l i g h t l y  
h i g h e r  c o s t  o f  t h e  we1 l cas ing  i n  t h e  shal  low we1 l  a l t e r n a t i v e .  Therefore,  
t h e  c o s t  as developed i n  t h e  prev ious s e c t i o n  f o r  pumping systems w i l l  
be used, i .e. ,  $546. T h i s  c o s t  w i l l  be i ncu r red  i n  y e a r s t O ,  t lO, tZ0, 
and t30. 
The maintenance requ i red  b y  a  c i s t e r n  system i s  much greater  
than a  shal low we l l  i f  t h e  c i s t e r n ,  c i s t e r n  f i l t e r ,  and spout ing are  
t o  be proper ly  maintained. Constant a t t e n t i o n  has t o  be g iven t h e  
q u a l i t y  o f  t h e  water and proper steps taken t o  insure  adequate treatment.  
I n  add i t ion ,  e x t r a  maintenance i s  requ i red  by t h i s  system because o f  
t h e  maintenance on t h e  f i l t e r  and spout ing, n o t  a  p a r t  o f  t h e  shal low 
we l l  system. Therefore, a  r e a l i s t i c  maintenance c o s t  i s  est imated t o  
be $18 annual ly .  A systemat ic  procedure f o r  batch t reatment  i s  assumed 
and i s  included i n  t h e  $18 maintenance cos t .  As w i t h  t h e  shal low we l l  
system, t h e  e l e c t r i c i t y  t o  power t h e  pump i s  assumed t o  be n e g l i g i b l e  
and i s  no t  considered. 
A l l  o f  t h e  costs associated w i t h  t h e  c i s t e r n  system are  t h e  same 
f o r  a l l  t h ree  subareas s ince  t h e  costs a re  no t  dependent upon any 
f a c t o r s  unique t o  any one area. The present value o f  costs f o r  a  40-year 
s e r v i c e  per iod  f o r  a  4000-gallon pre-cast c i s t e r n  i s  $1895.62. 
3. Farm Ponds 
Over 70 percent o f  t h e  res idents  i n  t h e  study area repor ted 
t h a t  a  pond d i d  e x i s t  on t h e i r  proper ty .  However, on ly  14 farmers 
ind ica ted  t h a t  t h e  pond i s  p resent ly  serv ing  as a  source o f  water f o r  
some o f  t h e i r  l i ves tock .  Not one farmer was us ing t h e  pond as a  source 
o f  water f o r  domestic use. 
Surface water c o l l e c t e d  i n  a  farm pond should be used i n  t h e  
home and m i l  khouse on ly  when ground water sources are inadequate o r  
unacceptable. From t h e  discussion o f  t h e  geological  cond i t ions  t h a t  
e x i s t  i n  t h i s  area, and t h e  ana lys is  o f  t h e  water samples taken from 
t h e  w e l l s  i n  t h e  study area, it can be concluded t h a t  t h e  ground water 
sources a r e  i n  f a c t  bo th  inadequate and unacceptable.  There fo re ,  ponds 
as a  source o f  bo th  wa te r  f o r  l i v e s t o c k  on l y ,  and as a  source o f  wa te r  
f o r  l i v e s t o c k ,  household, and mi lkhouse w i l l  be discussed. 
There a r e  two b a s i c  k i nds  o f  ponds, an embankment o r  f i l l  t y p e  
and a p i t  o r  dugout t ype .  An embankment pond i s  made by b u i l d i n g  an 
embankment o r  dam across a  stream, water  course, o r  a  va l  l e y  . T h i s  
t y p e  o f  pond i s  usual l y  used where s lopes  range f rom g e n t l e  t o  s teep .  
An excavated o r  p i t  t y p e  pond i s  made by d i g g i n g  a p i t  o r  dugout f o r  
impoundment o f  wa te r .  Th ts  t y p e  i s  more common where s lopes  a r e  ve ry  
smal l o r  on l eve l  su r f aces .  The c o s t  o f  t h e  embankment t y p e  pond i s  
much less  because less  excava t ion  i s  r e q u i r e d  t o  c o n s t r u c t  a  s u f f i c i e n t l y  
l a rge  llpoolll whereas f o r  t h e  p i t  t y p e  a c u b i c  ya rd  o f  e a r t h  w i l  l  u s u a l l y  
y i e l d  t h r e e  c u b i c  yards o f  wa te r .  The Washington County S o i l  Conservat ion 
Se rv i ce  (SCS) r e p o r t s  t h a t  n e a r l y  two - t h i r ds  o f  t h e  ponds t h a t  t hey  have 
a s s i s t e d  w i t h  i n  t h e  County have been t h e  embankment o r  f i l l  t ype .  
Know i ng t h e  average da i  l  y  r equ i  rements f o r  t h e  t h r e e  genera l  
c l a s s i f i c a t i o n s ,  it was des i r ed  t o  develop s i z e  s p e c i f i c a t i o n s  and c o s t  
es t imates  f o r  a  " t y p i c a l "  s i z e  and t y p e  o f  pond t h a t  c o u l d  supp ly  t h e  
wate r  needed by  each t y p e  o f  farmer .  Two s i z e s  f o r  each t y p e  o f  farmer  
were developed, one i f  o n l y  l  i ves tock  were t o  use t h e  water,  and t h e  
second, a  l a r g e r  pond, i f  it was t o  supply  wa te r  f o r  bo th  q u a l i t y  I  and 
I I requ i rements . The s  i ze o f  each 'o f  t hese  " t yp  i ca l  ponds was es t imated  
by de te rmin ing  t h e  annual wa te r  requi rement  i n  each s i t u a t i o n .  Us ing t h e  
l o c a l  SCS recommendation t h a t  a  pond i n  t h i s  area shou ld  be designed 
t o  h o l d  a  two-year supply ,  t h i s  annual amount was doubled. I n  a d d i t i o n  
t o  t h e  water  r e q u i r e d  f o r  use, an annual evapora t ion  loss  had t o  be 
i n c l uded  i n  t h e  design capac i t y .  I t  was es t imated  t h a t ,  on t h e  average, 
one ac re - f oo t  (325,851 g a l l o n s )  o f  wa te r  be l o s t  by evapora t ion  and 
seepage annua l l y .  Together these  two wate r  requirements gave t h e  estima-fed 
c a p a c i t y  o f  t h e  pond i n  g a l l o n s .  Us ing SCS s p e c i f i c a t i o n s ,  t h e  est imated 
excava t ion  requ i  rements i n  cub i c  yards were determined f o r  bo th  a  p i t  
t y p e  pond and a  f i l l  t y p e  pond. S ince two - th i r ds  o f  t h e  ponds i n  t h i s  
area a r e  f i l l  type,  a  weighted average was taken t o  determine t h e  cub i c  
yards o f  excava t ion  needed f o r  t h e  t y p i c a l  pond i n  each s i t u a t i o n .  
A l so  needed i n  t h e  design o f  t h i s  t y p i c a l  pond i s  t h e  app rop r i a te  s p i l l w a y .  
Again, i n  coopera t ion  w i t h  t h e  l oca l  SCS o f f i c e  a  s p i l l w a y  c o s t  was 
determined f o r  t h e  var ious  s i z e s  o f  ponds descr ibed.  
The average use fu l  l i f e  o f  t h e  items assoc ia ted  w i t h  t h e  pond 
a l t e r n a t i v e  had t o  be est imated.  To a r r i v e  a t  meaningful  est imates of  
these  f i gu res ,  l oca l  c o n s t r u c t i o n  f  i rms, t h e  s o i  I  conse rva t i on i s t ,  and 
o t h e r  personnel were consul ted.  A1 l  agreed t h a t  t h e  l i f e  o f  a  pond was 
very  dependent on t h e  q u a l i t y  o f  management o f  t h e  watershed. I f  t h e  
watershed was under row crop c u l t i v a t i o n  each year,  t h e  pond would n o t  
l a s t  as long as i f  t h e  watershed were i n  f o r e s t  o r  grass land.  Based on 
these  cons idera t ions ,  t h e  average l i f e  o f  a  pond and s p i  l lway i n  t h  i s  
area was est imated t o  be 20 years.  The pumping system f o r  t h e  pond 
i s  b a s i c a l  l y  s im i  l a r  t o  t h e  we1 l and c i s t e r n .  However, due t o  t h e  
more ab ras i ve  na tu re  o f  pond water, major  pump repa i  r s  o r  replacement 
a r e  es t imated  t o  be  requ i red  every 5 years.  
The c o s t  o f  c o n s t r u c t i o n  was est imated a t  $0.50 per  c u b i c  yard  
o f  e a r t h  moved. T h i s  f i g u r e  was based on i n fo rma t i on  from severa l  
c o n t r a c t o r s  I n  t h e  ~ i ' c i n ' c t y o f  ttie s t u d y  area, Ttie c o s t  o f  s p i l l w a y  
c o n s t r u c t i o n  was est imated by t h e  l oca l  SCS personnel t o  be approx imate ly  
$325 f o r  t h e  pond of t h e  s i z e  requ i  red by t h e  r u r a l  r es i den t ;  $400 f o r  
t h e  ponds f o r  t h e  general  l i v e s t o c k  farmer and f o r  t h e  d a i r y  farmer, 
w i t h  wate r  used o n l y  f o r  l i v e s t o c k  d r i nk i ng ;  and $513 f o r  t h e  d a i r y  
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farmer,  w i t h  water  used f o r  both qua1 i t y  I and I  I uses. These d i f f e rences  
i n  c o s t  occur  because s p i l l w a y  c o s t  i s  dependent upon t h e  area o f  t h e  
watershed. The maintenance c o s t  f o r  t h e  pond and s p i  l lway a l s o  v a r i e s  
w i t h  s i z e  o f  pond and watershed. The f o l l o w i n g  maintenance cos ts  were 
determined w i t h  ass is tance  o f  SCS personnel : f o r  t h e  r u r a l  r es i den t  
an annual c o s t  o f  $40; f o r  t h e  general  l i v e s t o c k  farmer and d a i r y  farm 
us ing pond f o r  q u a l i t y  I I  water, an annual c o s t  o f  $50; and f o r  t h e  
dai  r y  farmer us ing  pond f o r  both qua l  'i t y  I  and 1 1 , $60. 
The pumping system f o r  t h e  ponds was es t imated  a t  an i n i t i a l  cos t  
o f  $625 w i t h  major  r e p a i r s  o r  replacement o f  p a r t s  every 5 years a t  an 
es t imated  c o s t  o f  $250. A f t e r  c o n f e r r i n g  w i t h  severa l  farmers i n  t h e  
s tudy  area concern ing t h e  major  r e p a i r s  o r  replacement t h e  $250 was 
determined. Annual maintenance on t h e  pumping system i s  assumed t o  
be t h e  same as on t h e  w e l l  and c i s t e r n  systems, $10 per  year .  Using 
these  c o s t  est imates t h e  c o s t  f o r  t h e  pond requ i red  t o  f u rn i sh  t h e  
water  necessary f o r  each category o f  farmer was ca l  cu l  a ted  and i s  
presented i n  t h e  f i r s t  column o f  Tab le  9 which assumes t h a t  t h e  ponds 
would f u r n i s h  t h e  q u a l i t y  I  I requirements.  
Tab le  9 - Present  Value o f  Costs o f  Water 
From Ponds. 40-Year Pe r i od  
Qua l  i t y  I I  Requi rements Qua l i t y  I  & I I  Requi r e m e n t s y  
Rural  Resident $2694.68 $ 6474.97 
Da i r y  Farmer 5704.07 12,696.49 
Genera l  L i ves tock  Farmer 5358.15 9 196.76 
l nc l  udes cos t  o f  t rea tment .  
I f  t h e  pond i s  t o  be used as t h e  source o f  q u a l i t y  I water,  
t h e  wa te r  must be t r e a t e d  o r  "pur i f i ed1 ' .  Consequently, t h e  cos t s  o f  
t r ea tmen t  must be  cons idered f o r  uses i n v o l v i n g  Q u a l i t y  I  water .  Two 
commercial wa te r  t r ea tmen t  companies were con tac ted  t o  determine t h e  
a p p r o p r i a t e  c o s t  f o r  u n i t s  needed t o  d e l i v e r  t h e  amount o f  " f i n i s h e d "  
wa te r  r e q u i r e d  by each t y p e  farmer .  One o f  t h e  two companies had severa l  
i n d i v i d u a l  farm pond u n i t s  i n  o p e r a t i o n  and was very  h e l p f u l  concern ing  
t hese  c o s t  data.  
The genera l  d e s c r i p t i o n  o f  t h e  system t h a t  was determined t o  be 
a p p r o p r i a t e  i n  each case i s  as f o l l o w s .  The pumping system was cons idered 
i n  t h e  i n i t i a l  c o n s t r u c t i o n  o f  t h e  pond i n  t h e  p rev ious  s e c t i o n .  There- 
f o re ,  it w i  l  l  n o t  be cons idered here.  The t r ea tmen t  u n i t  f o r  t h e  r u r a l  
r e s i d e n t  c o n s i s t s  o f  two chemical feeders  wh i c h  a re  p  l  aced i n  t h e  l  i ne 
p r i o r  t o  t h e  p ressure  t ank .  One i n j e c t s  a  coagu la t i ng  chemical ,  u s u a l l y  
a l  um, and t h e  o the r ,  t h e  d i s l n f e c t a n t ,  c h l o r i n e .  The i n j e c t o r s  a r e  
au tomat i c  and p reca l  i b r a t e d  t o  i n j e c t  t h e  c o r r e c t  amount o f  chemical 
each t i m e  t h e  pump s t a r t s .  A f t e r  t h e  chemical feeders  i s  a  p ressure  
t a n k  and a l s o  severa l  r e t e n t i o n  tanks, t h e  number depending upon t h e  
d e s i r e d  amount o f  water  t o  be d e l i v e r e d .  The g r e a t e r  t h e  amount o f  
wa te r  requ i red ,  t h e  more r e t e n t i o n  tanks r e q u i r e d  t o  p r o v i d e  adequate 
c o n t a c t  t i m e  f o r  p roper  c h l o r i n a t i o n  o f  t h e  wa te r .  A f t e r  t h e  p ressure  
and r e t e n t i o n  tanks  i s  a  carbon o r  charcoal  f i l t e r  t o  remove some o f  t h e  
excess ch l  o r  i ne res  i dua l  . 
For  t h e  r u r a l  r e s i d e n t  c l a s s  o f  farmer,  it was assumed t h a t ,  
s i n c e  o n l y  13 g a l l o n s  pe r  day was needed f o r  q u a l i t y  I I  requirements,  
a l l  t h e  wa te r  would be t r e a t e d  regard less  o f  i t s  in tended use. The 
chemical feeders  a r e  o f  t h e  t y p e  t h a t  i s  operated au tomat i ca l  l y  by 
t h e  pump; when t h e  pump i s  runn ing  t h e  i n j e c t o r  depos i ts  an app rop r i a te  
amount o f  chemical i n  t h e  l  i ne .  T h i s  t ype  o f  chemical feeder  i s  used 
s i n c e  a l l  o f  t h e  wate r  i s  assumed t o  be t r e a t e d .  I f  a l l  o f  t h e  water  
i s  n o t  t r ea ted ,  as w i l l  be t h e  case f o r  t h e  d a i r y  farmer  and general  
l i v e s t o c k  farmer, a  d i f f e r e n t  t y p e  feeder  w i l l  be used. For t h e  r u r a l  
r e s i d e n t  i t  i s  recommended t h a t  two r e t e n t i o n  tanks be used based on t h e  
low average f low requ i rement. 
The general  l i v e s t o c k  and d a i r y  farmers have a  somewhat more 
d i f f i c u l t  arrangement. The water  f o r  l i v e s t o c k  d r i n k i n g  does n o t  need 
t o  be t r e a t e d  wh i l e  t h e  water used i n  t h e  house and/or m i  l khouse does. 
Therefore,  t h e r e  a r e  two l i n e s  leav ing  t h e  pressure tank, one l i n e  w i t h  
water  t o  t h e  q u a l i t y  I I  uses d i r e c t l y  as it comes from t h e  pond, and 
t h e  second l  i n e  w i t h  water  t o  t h e  t rea tment  u n i t .  The "branch1' i n  t h e  
l i n e  occurs a f t e r  t h e  pressure tank.  Th is  t ype  o f  system needs chemical 
feeders o f  t h e  t ype  t h a t  a r e  operated by water f l ow r a t h e r  t han  by t h e  
pump. I n  t h i s  system i f  t h e  i n j e c t o r  operated, chemicals would be i n -  
j e c t e d  i n t o  t h e  t rea tment  l i n e  each t ime  t h e  pump was s t a r t e d  due t o  l a rge  
l i v e s t o c k  consumption. Thus, a  f l ow  i n j e c t o r  i s  needed so t h a t  chemicals 
a r e  i n j e c t e d  o n l y  when a  p re -ca l i b ra ted  amount o f  water passes through 
t h e  chemical feeder .  Based on t h e  amount o f  f l o w  requ i red  by t h e  d a i r y  
farmer and general  l i v e s t o c k  farmers, two r e t e n t i o n  tanks were recommended 
f o r  t h e  general  l  i ves tock  farmer and s i x  f o r  t h e  d a i r y  farmer .  The d a i r y  
farmer needs a  l a r g e r  number o f  tanks because o f  t h e  l a rge  q u a l i t y  I 
requ i rement f o r  m i  l  khouse purposes. 
The expected use fu l  l i f e  o f  t h i s  t ype  o f  t rea tment  system i s  
est imated as 10 years.  Every f i v e  years major r e p a i r  t o  t h e  chemical 
i n j e c t o r s  can be a n t i c i p a t e d .  
The i n i t i a l  c o s t  o f  t h e  system f o r  a  r u r a l  r e s i d e n t  would be two 
automat ic  chemical feeders a t  $325 each o r  $650, two r e t e n t i o n  tanks  a t  
$150 each o r  $300, and a  carbon f i l t e r  a t  $325. With i n s t a l l a t i o n ,  t h i s  
system i s  es t imated  a t  $1,400. The c o s t  o f  t h e  system f o r  t h e  da i r y  
farmer wou l  d  be two water  meter chemical feeders a t  $395 each o r  $790, 
s i x  r e t e n t  i on  tanks a t  $150 each o r  $900, and a  $325 carbon f  i l t e r .  
The es t imated  i n s t a l l e d  c o s t  f o r  t h i s  system i s  $2,400. The c o s t  o f  
t h e  system f o r  t h e  genera l  l i ves tock  farmer would be two water  meter 
chemical feeders a t  $395 each o r  $790, two r e t e n t i o n  tanks a t  $150 each 
o r  $300, and a  carbon f i l t e r  a t  $325. The es t imated  i n s t a l l e d  c o s t  i s  
$1,550. The major  r e p a i r s  t h a t  can be a n t i c i p a t e d  every f i v e  years a r e  
es t imated  t o  c o s t  $200. The annual maintenance c o s t  f o r  both t h e  r u r a l  
r e s i d e n t  and general  l i v e s t o c k  systems i s  es t imated  a t  $40. The d a i r y  
farmer u n i t  i s  es t imated  t o  have a  maintenance c o s t  o f  $55 annua l l y .  
The p resen t  va lues o f  t h e  c o s t  o f  pond water  t r ea tmen t  f o r  t h e  40-year 
p e r i o d  a r e  as f o l  lows: Rural  r es i den t ,  $3328.13, d a i r y  farmer, $5351,86 
and l i v e s t o c k  farmer, $3543.35. These cos ts  must be added t o  t h e  pond 
cos ts  i n  develop ing t o t a l  c o s t  est imates f o r  t h e  use o f  water  f rom ponds. 
The sum o f  t h e  t rea tment  cos ts  and t h e  pond c o n s ~ r u c i l ~ o n  maintenance 
cos ts  a r e  i n  t h e  second column o f  Tab le  10. These es t imates  assume t h a t  
both qua l  i t y  I and qua l i t y  I  I requ i  rements wou l d  be met w i t h  pond water,  
b u t  t h a t  o n l y  qua1 i t y  I  water  would be t r e a t e d .  
4. Cent ra l  Well and Cent ra l  Reservo i rs  Serv ing  Several  
Farmers as an A l t e r n a t i  ve Rura l  Water source 
As mentioned e a r l i e r ,  it i s  d i f f i c u l t  t o  l oca te  p roduc t i ve  sand 
and g rave l  depos i ts  i n  t h i s  area which y i e l d  enough water  t o  meet i n d i -  
v i dua l  fa rmer 's  d a i l y  requirements v i a  sha l low w e l l s .  Nea r l y  a l l  38 
res iden t s  r epo r ted  t h a t  more than  one source was necessary t o  meet t h e i r  
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requirements.  O f  t h e  38 res iden t s  o n l y  one repor ted  t h a t  he was us ing  
a deep, d r i l  led w e l l .  Good w a t e r - y i e l d i n g  bedrock format ions a r e  gen- 
e r a l l y  absent i n  t h e  area and consequent ly it i s  very d i f f i c u l t  t o  l oca te  
a s a t i s f a c t o r y  deep w e l l .  Also, f rom an examinat ion o f  t h e  wate r  and 
o i  l we1 l  d r i  l  l e r s  logs f o r  t h e  s tudy  area, it was found t h a t  wa te r - y i e l d i ng  
s t r a t a  i n t h i s  area were general  l y  absent. Thus, a  c e n t r a l  wel l as a 
source o f  wa te r  f o r  severa l  farmers i s  a  very unreal  i s t i c  a l t e r n a t i v e  
and hence was n o t  cons idered i n  t h e  c o s t  ana l ys i s .  
Cons i d e r a t i o n  o f  a  c e n t r a l  reservo i  r wh i ch  wou l  d  serve  as a source 
o f  wa te r  f o r  a  number o f  farmers i n  t h e  s tudy area was a l s o  de le ted  from 
t h e  f i n a l  ana l y s i s  f o r  severa I  reasons. A r e p o r t  by Dawes and Terst r iep[9]  
i n d i c a t e s  t h a t  t h e r e  a r e  no p o t e n t i a l  r e s e r v o i r  s i t e s  i n  o r  near t h e  Hoy le-  
t o n  area. Also, due t o  t h e  topography o f  t h e  area, such a r e s e r v o i r  would 
r e q u i r e  a  very  l a rge  pool  area and would be o f  a  very  shal low average 
depth. Consequently, cons iderab le  water  would be l o s t  due t o  evaporat ion.  
Therefore,  t h i s  source o f  wa te r  was de le ted  from t h e  l i s t  o f  meaningful  
a l t e r n a t i v e  wate r  sources f o r  r es i den t s  i n  t h e  s tudy  area. 
5. Hau l i ng  as an A l t e r n a t i v e  and Supplemental Source ,o f  Water 
A t  t h e  t i m e  o f  t h e  s tudy two farmers were hau l  i ng a l l  o f  t h e  
wate r  r equ i red  f o r  t h e  q u a l i t y  I  uses, i .e., f o r  human consumption and 
f o r  use i n  t h e  m i  l  khouse. Several  o the rs  were hau l  i ng severa l  thousand 
gal  lons each month e i t h e r  as t h e  s'upp l  emental source o f  qua l i t y  I water  
o r  t o  make up t h e  d e f i c i t  i n  t h e l r  t o t a l  wa te r  supply .  Thus, i t  was 
obvious t h a t  h a u l i n g  was a very  r e a l  a l t e r n a t i v e  f o r  t h e  res iden t s  i n  
t h e  s tudy  area. 
Water hauled i n  t h e  s tudy  area i s  gene ra l l y  purchased a t  t h e  V i l l a g e  
o f  Hoyleton f o r  $1.60 pe r  thousand gal  lons. Th i s  water  i s  f rom t h e  
N a s h v i l l e  r e s e r v o i r ,  and because it has gone through t h e  N a s h v i l l e  t r ea tmen t  
p l a n t ,  it can be used f o r  e i t h e r  q u a l l f y  I  o r  q u a l l t y  I I  purposes. 
Del i v e r y  o f  hau led wate r  can be by two methods : t h e  farmer hau I s  
h i s  own, o r  a  commercial m i l k  h a u l e r  d e l i v e r s  t h e  water .  I f  t h e  farmer 
hau ls  t h e  water, h i s  cash o p e r a t i n g  expense i s  es t imated  t o  be $1.60 pe r  
thousand ga l  lons f o r  t h e  wate r  f rom t h e  V i  l  l  age. I f  he has a h a u l e r  
del  i v e r  t h e  water,  it i s  usual l y  $5.00 per  thousand ga l  lons. I t  i s  
assumed t h a t  i f  t h e  farmer cons idered h i s  labor  and machinery cos t s  p l u s  
t h e  $1.60, h i s  ac tua l  c o s t  would a l s o  be approx imate ly  $5.00 pe r  thousand. 
Therefore,  $5.00 was used i n  c a l c u l a t i o n s  concern ing hau l i ng .  
The p resen t  va lue  o f  t h e  cos ts  acc ru ing  from h a u l i n g  ( I )  a l l  o f  
t h e  farmer1s qua l  i t y  I water  and ( 2 )  haul  i ng a l  l t h e  wate r  used f o r  both 
q u a l i t y  I  and I I  purposes were c a l c u l a t e d  f o r  each o f  t h e  t h r e e  c lasses 
o f  farmers ove r  a  40-year pe r i od .  The t o t a l  p resen t  va lue  amounts a r e  
shown i n  Table 10. 
Tab le  10 - Present  Value o f  Costs o f  Hau l i ng  Water f o r  Each 
C l a s s i f i c a t i o n  o f  Farmer. 40-Year Pe r i od  
Rura l  Res i dent 
P r ima r i  l y  D a i r y  
General L i ves tock  
Q u a l i t y  I  Only Q u a l i t y  I  and I I  
6. Connect ion w i t h  a  M u n i c i ~ a l  Svstem as an A l t e r n a t i v e  
Source o f  Water 
Buy ing wate r  from a m u n i c i p a l i t y  has severa l  advantages over  de- 
ve lop ing  onels own domestic source. The p r imary  advantage i s  t h a t  t h e  
q u a l l t y  o f  t h e  wate r  i n  t h e  munic ipa l  system i s  mainta ined a t  a  s a f e  
l e v e l .  The q u a l i t y  i s  insured by a system o f  r e g u l a r  checks and a n a l y s i s  
by p u b l i c  h e a l t h  a u t h o r i t i e s  who have t h e  power t o  demand compl iance w i t h  
s tandards.  When us ing  a p u b l i c  source, t h e  user  i s ,  t o  some ex ten t ,  
l e g a l l y  p ro tec ted  i n  terms o f  wa te r  q u a l i t y .  P r i v a t e ,  domestic wa te r  
systems have no m o t i v a t i n g  fo rce ,  o t h e r  than  t h e  des i r e  o f  t h e  owner, 
t o  ma in ta i n  a h i gh  q u a l i t y  water .  The munic ipa l  t r ea tmen t  p l a n t  by 
v i r t u e  o f  s i z e  and a v a i l a b l e  equipment i s  b e t t e r  a b l e  t o  t r e a t  t h e  water  
than  p r i v a t e  u n i t s .  
Another advantage o f  t h e  mun ic ipa l  system i s  t h e  r e l i a b i l i t y  o f  
t h e  wate r  supply .  The domestic sources, be ing  o f  much smal l e r  sca le ,  
u s u a l l y  a r e  ext remely  dependent on weather cond i t i ons  t o  supply  t h e i r  
water,  w h i l e  t h e  mun ic ipa l  system i s  usual l y  o f  a s u f f i c i e n t l y  l a rge  s i z e  
t o  Ifi nsu l a t e "  i t s e l  f  aga ins t  normal f l u c t u a t i o n s  i n  weather c o n d i t i o n s .  
Some o f  t h e  people i n  t h e  s tudy  area, e s p e c i a l l y  those  people who 
a r e  haul  i n g  severa l  t-housand gal  Ions o f  wa te r  t o  supplement t h e i r  p resen t  
on-the-farm sources, a r e  ext remely  i n t e r e s t e d  i n  and have suggested a 
munic ipa l  source as a p o s s i b l e  a l t e r n a t i v e  source o f  r u r a l  water .  Therefore,  
t h e  p o s s i b i l i t y  o f  l a y i n g  p i p e l i n e  throughout  t h e  s tudy  area and connect ing 
w i t h  a munic ipa l  supply  was considered. The V i l l a g e  o f  Hoy le ton  was t h e  
source o f  water  f o r  such a system. 
With t h e  ass is tance  o f  a loca l  engineer,  a system o f  l i n e s  go ing 
t o  each o f  t h e  subareas from t h e  V i l l a g e  was designed. The I l l i n o i s  En- 
v i ronmenta l  P r o t e c t i o n  Agency recommended t h a t  t h e  system be o f  s u f f i c i e n t  
s i z e  so as t o  ma in ta i n  n o t  less than  20 pounds pe r  square Inch ( p s i )  a t  
a l l  p o i n t s  i n  t h e  l i n e ,  w i t h  an average f l ow  o f  a t  l e a s t  2 g a l l o n s  per  
minute a t  each domest ic dwe l l i ng .  Using t h i s  minimum s p e c i f i c a t i o n  a 
des ign was determined f o r  each o f  t h e  subareas. Upon recommendations o f  
c o n s u l t i n g  engineers p o l y v i n y l  c h l o r i d e  p i pe  (PVC) was chosen t o  be used 
i n  t h e  design. The PVC p i p e  was recommended because o f  i t s  lower c o s t  and 
i t s  durabi  l  i t y .  F igures 4, 5  and 6 show schematic drawings o f  t h e  p ipe-  
l i n e  system. 
Est imates o f  i n s t a l l e d  cos ts  o f  t h e  va r i ous  s i z e  p i p e  were determined 
by c o n t a c t i n g  two eng ineer ing  f i r m s  i n  t h e  v i c i n i t y  o f  t h e  s tudy  area, r e -  
ques t ing  b i d s  on recen t  jobs  i n v o l v i n g  such s i z e  p i pe .  The c o s t  es t imates  
from these  two f i r m s  were averaged t o  a r r i v e  a t  t h e  f i g u r e  used i n  t h i s  
s tudy .  The f i n a l  i n s t a l l e d  c o s t  pe r - f oo t  es t imates  were as f o l l o w s :  
$2.37 f o r  4- inch PVC p ipe;  $1.68 f o r  3-inch PVC pipe; and $1 .OO f o r  2- inch 
PVC p ipe,  
The c o s t  f o r  t h e  suggested design o f  p i p e l  i n e  i n  Subarea I i s  
based on 8,712 f e e t  o f  4-inch PVC p ipe,  8,052 f e e t  o f  3- inch PVC p ipe ,  and 
1,056 f e e t  o f  2-inch PVC p ipe.  The cos ts  r e s p e c t i v e l y  a r e  $20,647.44, 
$13,527.36, and $1,056.00 o r  a  t o t a l  o f  $35,230.80. The c o s t  o f  t h e  
suggested des ign i n  Subarea I I  i s  based on 14,784 f e e t  o f  4- inch PVC p ipe,  
and 9,900 f e e t  o f  2- inch PVC p ipe .  Th is  p i p e  cos ts  $35,039.08 and 
$9,900, r e s p e c t i v e l y .  For Subarea I l l  t h e  number o f  f e e t  o f  p i p e  and t h e  
r e s p e c t i v e  cos ts  were 1,320 f e e t  o f  4- inch PVC a t  $3,128.40 and 11,616 
f e e t  o f  3- inch PVC p i p e  a t  $19,514.88. 
According t o  Singh i n  h i s  a r t i c l e ,  "Economic Design o f  Cent ra l  
Water Supply Systems f o r  Medium Sized Towns"[25], t h e  average assumed 
l  i f e  o f  a  p i p e l  i n e  system such as t h e  one designed i s  40 years.  The 
annual o p e r a t i n g  and maintenance cos ts  on systems such as t h i s ,  i . e . ,  
systems where water  i s  purchased from a c e n t r a l  source, was es t imated  t o  
be $37.81 per  user  i n  1970. T h i s  f i g u r e  i s  based on an a n a l y s i s  o f  
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FIG. 6 MUNICIPAL PIPELINE DESIGN 
FOR SUBAREA IlI 
o p e r a t i n g  cos ts  f o r  FHA f inanced  community f a c i l i t i e s  pub l i shed  i n  
"Guide f o r  Engineers i n  t h e  Design o f  Rural  Community Water Systems i n  
I  I  I  inois l ' [ I  I]. FHA personnel recommended t h a t  t h  i s  f I g u r e  be increased 
by approx imate ly  8% t o  r e f l e c t  1971 va lue.  Thus, t h e  c o s t  was s e t  a t  
$40 annua l l y .  The v a r i a b l e  c o s t  t o  t h e  farmer i s  t h a t  r a t e  a t  whlch he 
can purchase water  f rom t h e  p i p e l i n e .  Most r a t e  schedules, accord ing  t o  
A f i f i  and Bassie[2] i nc l ude  bo th  v a r i a b l e  costs ,  i .e., t h e  c o s t  o f  t h e  
water, as w e l l  as a  p o r t i o n  t o  be a l l o c a t e d  t o  f i x e d  cos ts .  I n  t h i s  
s i t u a t i o n ,  t h e  i n i t i a l  c o s t  o f  t h e  p i p e l i n e  system was charged, as in -  
d i c a t e d  below, t o  t h e  customers so  t h a t  t h e  a p p r o p r i a t e  r a t e  would i nc l ude  
o n l y  t h e  c o s t  o f  t h e  water  used. The o n l y  es t ima te  o f  t h i s  f i g u r e  was 
t h e  $ 1  -60 per  thousand charged as t h e  b u l k  r a te ,  i .e., t h e r e  would be no 
charge t o  cover  c o s t  o f  t h e  d i s t r i b u t i o n  system s i n c e  it i s  assumed t o  
have been pa id .  Therefore,  t h e  va r i ab  l e  c o s t  p e r  thousand gal  Ions w i l  l  
be $1.60. I t  was assumed t h a t  each r e s i d e n t  would have t o  pay t h e  f u l l  
c o s t  o f  t h e  tap-on f e e  and t h e  s e r v i c e  l i n e  f rom t h e  road t o  t h e  res idence 
o r  wherever t h e  water  was des i red .  Th i s  c o s t  was es t imated  t o  be approx- 
ima te l y  $125 f o r  t h e  r u r a l  r es i den t ,  $150 f o r  t h e  general  l i v e s t o c k  farmer, 
and $175 f o r  t h e  d a i r y  farmer.  
Two methods o f  a  l  l  o c a t  i ng t h e  i n i t  i a  l  i nvestment among t h e  res i dents 
o f  t h e  s tudy  area were used. One was a l l o c a t i n g  t h e  c o s t  e q u a l l y  among 
a l l  r es i den t s  i n  t h e  area, assuming t h a t  over  t i m e  everyone would, i n  
f a c t ,  become a  customer. The p i p e l i n e  des ign i n  t h i s  ins tance  i s  as 
shown i n  F igures 4, 5  and 6. The second method was t o  a  l l o ca te  t h e  f  u  l l  
c o s t  among o n l y  those  res iden t s  who i n d i c a t e d  a  d e s i r e  t o  connect t o  a  
l i n e  du r i ng  t h e  i n i t i a l  i n t e r v i ew  (F igures  7  and 8 ) .  When t h e  second 
method was used, t h e  length o f  l i n e  was a l t e r e d  t o  s e r v i c e  o n l y  those  
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wish ing  t o  connecf r a t h e r  than  t h e  e n t i r e  area. These changes would 
reduce t h e  t o t a l  c o s t  I n  Subarea I t o  $29,739.60 by sho r ten ing  t h e  length 
o f  t h e  3- inch l i n e  by 2,640 f e e t  and d e l e t i n g  t h e  2- inch l i n e  f rom t h e  
system. Only one person ( i n d i c a t e d  by * i n  F igu re  8) i n  Subarea I I I 
i n d i c a t e d  a s t r o n g  inl-eresl- i n  p a r t i c i p a t i n g  i n  a wate r  l i n e .  Th i s  
farmer was loca ted  very  near t h e  l i n e  i n  Subarea I I ,  t h e r e f o r e ,  i n  t h e  
second approach t h i s  farmer was added t o  Area I I  i nc reas ing  t h e  c o s t  t o  
$46,786.08. Two res iden t s  i n  Subarea I I  wished n o t  t o  hook on, thus, 
w i t h  t h e  a d d i t i o n  o f  t h e  one user f rom Subarea I  I I t h e r e  was a n e t  loss 
o f  one customer i n  Subarea I  I . With t h e  second method t h e r e  was no l  i ne 
t o  Subarea I I  I .  F igures 7 and 8 i l l u s t r a t e  t h e  designs used when o n l y  
t hose  residenl-s who expressed a s t r o n g  d e s i r e  t o  hook on t o  a l i n e  were 
considered. 
Tab le  I I  shows t h e  p resen t  va lue  o f  cos t s  f o r  t h e  munic ipa l  
a l t e r n a t i v e  f o r  t h e  r u r a l  r es i den t ,  t h e  d a i r y  farmer,  and t h e  general  
l i v e s t o c k  farmer r e s p e c t i v e l y ,  when t h e  i n i t i a l  c o s t  i s  a l l o c a t e d  e q u a l l y  
among a l l  r es i den t s  i n  +he area:  16 i n  Subarea 1 ;  12 i n  Subarea I I ;  and 
10 i n  Subarea I I  I .  T h i s  tab  l e  assumes t h a t  t h e  user wou I d  purchase 
water  t o  meet h i s  t o t a l  water requirements f rom t h e  munic ipa l  system. 
Table 12 shows t h e  p resen t  va lue  o f  cos ts  i f  t h e  i n i t i a l  c o s t  i s  a l l o c a t e d  
o n l y  t o  farmers i n d i c a t i n g  s t r o n g  d e s i r e  t o  p a r t i c i p a t e  i n  such a muni- 
c i p a l  system: 10 i n  Subarea I ,  I I  i n  Subarea I I ;  and none i n  Subarea I l l .  
I t  i s  assumed t h a t  t h e  user w l  l l  buy water  f o r  bo th  qua1 i t y  I  and I  I 
requirements i n  t h i s  t a b l e .  Tab le  13 shows t h e  c o s t  o f  t h e  munic ipa l  l i n e  
a l t e r n a t i v e  when i n i t i a l  cos ts  a r e  a l l o c a t e d  e q u a l l y  t o  a l l  r es i den t s  i n  
t h e  area and when on l y  wate r  f o r  q u a l i t y  I  purposes i s  ob ta ined  from t h e  
l i n e .  Tab le  14 shows t h e  c o s t  o f  t h e  system when t h e  i n i t i a l  cos ts  a r e  
a l l o c a t e d  t o  o n l y  those persons express ing i n t e r e s t .  Again, Table 14 
assumes +hat  o n l y  qual l -by I wa te r  would be ob ta ined  from t h e  l i n e .  
From an examlna-bion o f  these  t ab les ,  it i s  seen t h a t  when t h e  
i n i t i a l  cos ts  a r e  a l l o c a t e d  t o  o n l y  t h e  i n t e r e s t e d  p a r t i e s  (Tables 12 
and 14) t h e r e  i s  a s l g n i f  i c a n t  increase i n  t h e  c o s t  o f  t h i s  a l t e r n a t i v e  
as compared -to a l l o c a t i o n  o f  cos ts  e q u a l l y  among a l l  r es i den t s .  Thus, 
we see why i-t i s  ve ry  impor tan t  t o  have a l a rge  percentage o f  t h e  people 
i n  an area p a r t l c l p a t e  i f  such a mun ic ipa l  system i s  contemplated. 
Tab le  I I  - Present  Value o f  Costs by Type o f  User and 
Area. Munic ipa l  System. I n i t i a l  Costs A l l oca ted  
t o  A l l  Residen-ts, Use Rate Meets Both Q u a l i t y  I 
and Q u a l i t y  I I  Requirements. 
Subarea I Subarea I I Subarea l l  I 
Rura l Res i denta $ 4,029.57 $ 5,572.48 $ 4,09 1.97 
Dai r y  Farmer b 24,114.89 25,657.80 24,177.29 
General L i ves tock  15,616.87 17,159.78 1 5,679.27 
Fa rmerC 
3 Consumption o f  163 ga l  lons per  day a t  $1 .60 per  thousand gal  lons 
Consumption o f  2,887 ga l  lons pe r  day a t  $1.60 pe r  thousand gal  lons 
9 Consumption o f  1,735 ga l lons per  day a t  $ l  .60 per  thousand ga l lons 
Table 12 - Present  Y a l u e 8 0 f  Costs by  Type o f  User 
and Area. Mun ic ipa l  System, r n i t i a l  Costs 
A l l o c a t e d  Only t o  I n t e r e s t e d  Users. Use 
Rate Meets Both Q u a l i t y  I and Q u a l i t y  I I  
Req u i remenf s . a 
Subarea I Subarea I I  Subarea I I  I b 
Rura l Res i dent $ 4,801 .60 $ 6,080.92 - 
Da i r y  Farmer 24,886.92 30,589.86 - 
General L i ves tock  16,388.90 17,668.22 - 
Farmer 
D a i l y  consumption requirements a re  t h e  same as f o r  Tab le  I I .  
b 
--/ No r e s i d e n t  i n  Subarea I I  I expressed an i n t e r e s t  i n  coopera t ing  i n  a 
mun ic ipa l  sys-bem. 
Tab le  13 - Present  Value o f  Cos-bs by Type o f  User and 
and Area. Mun ic ipa l  System. I n i t i a l  Costs 
A l l oca ted  t o  A l  l  Res i dents.  Use Rate Meets 
Only Qual i -by I Requirements, 
Subarea I Subarea I I  Subarea I I  I 
Rural Residenta $ 3,933.98 $ 5,476.89 $ 3,996.38 
Da i r y  Farmer b 1 1,449.44 12,992.35 11,584.1 I 
Genera l L T v e s t ~ c k  4,620.94 6,163.85 4,683.34 
Farmerc 
Consumption o f  150 ga l  lons pe r  day a t  $1.60 pe r  thousand ga l  lons 
Consumption o f  1,165 ga l lons pe r  day a t  $1 -60 pe r  thousand ga l  lons 
Consumption o f  240 ga l  lons p e r  day a t  $1.60 p e r  thousand gal  Ions 
Tab le  14 - Present  Value o f  Costs by Type o f  User And 
Area. Mun ic ipa l  System. I n i t i a l  Costs A l l o -  
ca ted  Only t o  I n te res ted  Users, Use Rate 
Meets Only Q u a l i t y  I  requirement^.^ 
Subarea I Subarea I I Subarea I I I b 
Rura l Res i dent  $ 4,706.01 $ 5,985.33 - 
Da i r y  Farmer 12,221.47 13,500.79 - 
General LivesTock 5,392.97 6,672.29 - 
Fa rme r 
9 Dai l y  consumption requirements a r e  t h e  same as f o r  Tab l e  13. 
No r e s i d e n t  i n  Subarea I I I expressed an i n t e r e s t  i n  coopera t ing  i n  
a munic ipa l  system. 
V I . COMPARISON OF COSTS OF ALTERNATI VE WATER SOURCES 
Near ly  a l  l o f  t h e  res iden t s  i n  t h e  area repo r ted  more t han  one 
source o f  water  t o  meet t h e i r  d a i l y  requi rements.  J u s t i f i c a t i o n  f o r  
us ing  severa l  sources appears t o  be t h e  u n c e r t a i n t y  o f  these  supp l i es .  
Residents i n  t h e  area a r e  a t t emp t i ng  t o  a r r i v e  a t  some balance between 
c o s t  o f  a  water  source and t h e  p r o b a b l l i t y  t h a t  a  se lec ted  source w i l l  
"go dry"  caus ing them t o  i n c u r  t h e  c o s t  o f  making up t h e  d e f i c i t .  
S ince t h e  r e l i a b i l i t y  o f  t h e  i n d i v i d u a l  sources cou ld  n o t  be 
q u a n t i t a t i v e l y  determined, a  comparison was made o f  t h e  cos ts  o f  r e p l a c i n g  
t h e  d i f f e r e n t  sources t h a t  e x i s t e d  p r e s e n t l y  on t h e  farms i n  t h e  subareas 
w i t h  t h e  o t h e r  methods o f  supp l y i ng  wate r  t o  f u l  f i l  l  t h e  res i dents re -  
quirements.  Wh i le  comparing t h e  a l t e r n a t i v e  sources ( o r  systems o f  sources),  
one shou ld  keep i n  mind t h a t  t h e  r e l i a b i l i t y  o f  t h e  d i f f e r e n t  sources of  
water  shou ld  be considered, even though we l ack  good es t imates  o f  such 
re1 iab i l i t y .  
Using t h e  data presented i n  Sec t i on  V o f  t h i s  r e p o r t  t h e  t o t a l  
area cos t s  o f  r e p l a c i n g  t h e  p resen t  water  sources can be est imated.  These 
cos ts  were c a l c u l a t e d  by m u l t i p l y i n g  t h e  p resen t  va lues o f  t h e  c o s t  f o r  
each source by t h e  number o f  sources i n  t h e  subarea. The r e s u l t s  f o r  t h e  
p resen t  sources a r e  i n  t h e  f i r s t  row o f  Tab le  15. Because t h e r e  was no 
i n f o r m a t i o n  on t h e  age o r  deprec la ted  va l  ues o f  p resen t  sources, t h e  
investments were based on replacement cos ts .  Thus, t h e  cos ts  overes t imate  
ac tua l  cos ts .  However, many o f  these  p resen t  on-farm sources a r e  reaching 
an age where major  r e p a i r s  o r  replacement w i l l  be requ i red .  
The nex t  a l t e r n a t i v e  method o f  supp l y i ng  water  t o  t h e  subareas 
t h a t  was cons idered  was t h e  c o n s t r u c t i o n  o f  an a p p r o p r i a t e  s i z e  pond 
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and t h e  i n s t a l l a t i o n  o f  a t r ea tmen t  p l a n t  f o r  each c l a s s  o f  farmer  i n  
each subarea. The subarea t o t a l s  (Tab le  15, second row) may be  compared 
t o  t h e  subarea t o t a l s  f rom t h e  o t h e r  methods. The c a l c u l a t i o n  procedure 
was s i m i  l a r  t o  t h a t  f o r  t h e  p resen t  sources.  The cos t s  o f  ponds and 
t r ea tmen t  f a c i l i t i e s  f o r  each t y p e  o f  r e s i d e n t  were m u l t i p l i e d  by t h e  
number o f  r e s i d e n t s  o f  t h a t  t y p e  and a t o t a l  determined f o r  each subarea. 
The n e x t  a l t e r n a t i v e  source (Tab le  15, t h i r d  row) cons idered  was 
a combinat ion o f  us ing  t h e  p resen t  sources f o r  q u a l i t y  I I  wa te r  and 
h a u l i n g  a l l  o f  +he q u a l i t y  I water .  A l l  sources des ignated by t h e  
farmer  as t h e  source used f o r  q u a l i t y  I wa te r  were de le ted  f rom t h e  l i s t  
o f  p resen t  sources. To t h e  remain ing cos t s  o f  p resen t  sources was 
added t h e  c o s t  o f  h a u l i n g  a l l  o f  t h e  q u a l i t y  I wa te r  used i n  t h e  area 
ove r  t h e  40-year p e r i o d  d iscounted t o  p resen t  va l  ue. 
For  comparlson w i t h  t h e  o t h e r  a l t e r n a t i v e s ,  t h e  a l t e r n a t i v e  o f  
h a u l i n g  a l l  o f  t h e  wa te r  t h a t  would be used was cons idered (Tab le  15, 
f o u r t h  row) .  T h i s  a l t e r n a t i v e  i s  ex t reme ly  expensive.  
Connect ing t o  a mun ic ipa l  l i n e  i s  one o f  t h e  a l t e r n a t i v e s  t h a t  
was t o  be cons idered (Tab l e  15, f i f t h  row) .  Knowing t h e  number o f  each 
t y p e  o f  r e s i d e n t  i n  each o f  t h e  subareas, t h e  t o t a l  p resen t  va l ue  o f  t h e  
mun ic ipa l  source was determined f o r  each subarea. These t o t a l s  were 
determined assuming t h a t  everyone i n  each o f  t h e  subareas would connect  
t o  t h e  l i n e .  The p resen t  va l ue  o f  subarea cos t s  i n c l u d e  i n s t a l l a t i o n  o f  
t h e  l  i ne, r es i den t s  s e r v i c e  l i ne, maintenance, and wate r  f o r  bo th  
qua l i t y  I and qua l i t y  I  I  purposes. 
A m o d i f i c a t i o n  o f  t h e  mun ic ipa l  system ment ioned above i nvo l ves  
use o f  t h e  mun i c i pa l  l  i n e  f o r  o n l y  qua1 l t y  I purposes. There fo re ,  t h e  
same method was used he re  as was used when res i dents were cons i dered t o  
haul a l l  q u a l i t y  I  w h i l e  us ing  t h e  p resen t  sources o f  q u a l i t y  I I .  The 
c a l c u l a t e d  cos ts  f o r  each t y p e  r e s i d e n t  i n  each subarea a re  added t o  t h e  
cos ts  o f  t h e  p resen t  on-the-farm q u a l i t y  I I  sources. The resu l f - l ng  subarea 
t o t a l s  f o r  t h i s  a l t e r n a t i v e  a r e  presented i n  t h e  s i x t h  row o f  Tab le  15. 
An examinat ion o f  Tab le  15 i n d i c a t e s  t h a t  t h e  present-sources 
a l t e r n a t i v e  i s  by f a r  t h e  l eas t - cos t  a l t e r n a t i v e  I n  a l l  t h r e e  subareas 
as we1 l  as t h e  t o t a  l  area. However, t h e r e  a re  severa l f a c t o r s  t h a t  
should be mentioned i n  con junc t i on  w i t h  t h i s  f i n d i n g .  F i r s t ,  t h e  q u a l i t y  
o f  water  f rom p resen t  sources i s ,  i n  many cases, u n s a t i s f a c t o r y  f o r  human 
consumption. I f  t h e r e  were some law t h a t  r equ i red  driynki ng wate r  f rom 
p r i v a t e  sources t o  be o f  such q u a l i t y  as t o  meet p u b l i c  h e a l t h  standards, 
t hen  t h i s  present-sources a l t e r n a t i v e  would n o t  q u a l i f y  f o r  q u a l l t y  I 
water.  Also, t h e  f a c t  +hat  many farmers a re  p r e s e n t l y  h a u l i n g  water  
f rom Hoyleton t o  make up d e f i c i t s  i n  p resen t  supp l i es  f rom t i m e  t o  t i m e  
i n d i c a t e s  t h a t  t h e  p resen t  sources a re  a t  t imes u n r e l i a b l e .  A t  t h e  o the r  
end o f  t h e  spectrum, h a u l i n g  a l l  o f  t h e  wate r  f o r  bo th  q u a l i t y  I  and 
q u a l i t y  I I  uses i s  by f a r  t h e  h i g h e s t  c o s t  a l t e r n a t i v e .  
The pond and t r ea tmen t  a l t e r n a t i v e  ranks second i n  two o f  t h e  
subareas. Both o f  these  subareas conta i n  fdrmers w i t h  h  i gh requ i rements 
as compared t o  t h e  t h i r d  subarea. Cons idera t ion  t h a t  should be g i ven  t o  
t h i s  a l t e r n a t i v e ,  f o r  which no emp i r i ca l  es t imate  o f  c o s t  can be made, 
i s  t h e  f a c t  t h a t  t h e  farmer  must assume t h e  r e s p o n s i b i l i t y  o f  a  water  
t r ea tmen t  p l a n t  ope ra to r .  The t r ea tmen t  u n i t  must be checked a t  r e g u l a r  
i n t e r v a l s  t o  i nsu re  t h a t  t h e  des i red  q u a l i t y  o f  wa te r  i s  mainta ined.  
Fur ther ,  a  number o f  farmers expressed an o p i n i o n  t h a t  t hey  d i d  n o t  
want t o  d r i n k  pond wate r  even i f  it were t r e a t e d .  
Another f a c t o r  t h a t  should be cons idered i n  t h e  s e l e c t i o n  o f  an 
op t ima l  source o f  supply  i s  t h e  r e l i a b i l i t y  o f  t h e  a l t e r n a t i v e  sources. 
I t  i s  apparent t h a t  t h e  p resen t  sources a r e  r a t h e r  u n r e l i a b l e  f rom t h e  
amount o f  water  t h a t  has t o  be hauled t o  t h e  s tudy area. Of t h e  s i x  
systems presented i n  Table 15, t h e  present-sources system cou ld  be ranked 
t h e  l e a s t  r e l i a b l e .  The pond w i t h  t rea tment  system would be somewhat more 
r e l i a b l e  than  t h e  p resen t  sources because t h i s  system i s  designed t o  
p rov ide  a two-year supply .  S ince  t h i s  system r e l i e s  on a l a r g e r  body 
o f  water  f o r  i t s  supply,  s h o r t  per iods  o f  drought cou ld  be endured w i t h o u t  
r e s u l t i n g  i n  a shortage. However, t h i s  system would f a i l  du r i ng  prolonged 
per iods  o f  drought.  Also, depending upon t h e  care  taken i n  t h e  t rea tment  
o f  t h e  water, t h i s  source may be u n r e l i a b l e  as a source o f  q u a l i t y  I 
supp ly .  The remaining f o u r  systems can a l l  be cons idered t o  be h i g h l y  
r e l i a b l e ,  s i n c e  e i t h e r  p a r t  o r  a l l  o f  t h e  supply  i s  acqu i red  from o f f -  
the- farm sources. For those  systems us ing  combinat ions o f  on-farm and 
o f f - f a r m  sources, shortages i n  t h e  on-farm p o r t i o n  o f  t h e  supply  can be 
met by s u b s t i t u t i n g  t h e  supply  f rom o f f - f a r m  sources. 
E f f e c t  o f  a Change i n  I n t e r e s t  Rate and 
Use o f  a Graduated Rate Schedule f o r  Plunici pa l  Water 
I n  o r d e r  t o  determine how s e n s i t i v e  t h e  s o l u t i o n  ( r ank ing )  was 
t o  changes i n  t h e  i n t e r e s t  r a te ,  i n t e r e s t  r a t e s  bo th  h i g h e r  and lower 
than  7 1/2 percen t  were se lec ted  f o r  r e c a l c u l a t i o n .  The i n t e r e s t  r a t e  
was lowered t o  2 percen t  y e t  t h e  rank ing  o f  t h e  t o t a l  area d i d  n o t  
change. The rank ings f o r  Subareas I and I I  remained t h e  same b u t  i n  
Subarea I l l  t h e  two munic ipa l  r e l a t e d  sources were reversed i n  rank. 
Inc reas ing  t h e  i n t e r e s t  r a t e  t o  10 percen t  a l s o  showed no e f f e c t  on 
t h e  rank ings o f  t h e  t o t a l  area. Again, a l  l  subarea rank ings remained 
t h e  same, except  one p a i r  i n  Subarea I I  I  . The two sources t h a t  were 
swi tched were t h e  pond w i t h  t rea tment  and t he  mun ic ipa l  source where 
t h e  e x i s t i n g  on-farm sources were used f o r  qua1 i t y  I I  purposes. I t  i s  
concluded from t h e  above ana l ys i s  t h a t  t h e  rank ings o f  t h e  a l t e r n a t i v e  
sources a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  v a r i a t i o n s  i n  t h e  i n t e r e s t  r a t e .  
I n  o r d e r  t o  determine t h e  e f f e c t  o f  a graduated r a t e  schedule 
( r a t h e r  t han  a f l a t  r a t e  schedule) on t h e  overa l l r ank ing  o f  t h e  sources, 
a schedule proposed f o r  a new water  d i s t r i c t  n o r t h  o f  Hoy le ton  was used. 
The graduated schedule i s  as f o l  lows; 
F i r s t  3,000 ga l  ./month @ $2.00/1000 ($6.00 minimum) 
Nex t  5,000 gal./month @ $1.60/1000 
Next 8,000 ga l ./month @ $1.40/ 1000 
Next  12,000 ga l  ./month @ $1.15/1000 
Nex t  12,000 gal ./month @ $ .90/1000 
Next  25,000 ga l ./month @ $ .73/ 1000 
A l l  ove r  65,000 gal./month @ $.55/1000 
SOURCE: Henry, Meisenheimer and Gende, Inc. ,  "Revised Report  on 
t h e  Water Supply System f o r  t h e  S t .  Rose P u b l i c  Water 
D i s t r i c t ,  C l i n t o n  County, I l l i n o i s . "  
When t h e  above schedule was used i n  t h i s  s tudy,  t h e  rank Ing  i n  
subareas and t o t a l  area were d r a s t i c a l l y  changed. As seen f rom Table 16, 
t h e  present-source a l t e r n a t i v e  s t i l l  i s  t h e  l e a s t  c o s t  a l t e r n a t i v e  i n  t h e  
t o t a l  area, b u t  t h e  second and t h i r d  r ank ing  a l t e r n a t i v e s  a r e  now t h e  
two mun i c i pa l - r e l a ted  sources. The subarea rank ings  i n  Tab le  16 a r e  a l s o  
much d i f f e r e n t  than  t hey  were i n  t h e  o r i g i n a l  rank ing  i n  Tab le  15. As 
was a n t i c i p a t e d ,  t h e  graduated r a t e  schedule d i d  make t h e  munic ipa l  sources 
more c o m p e t i t i v e  i n  terms o f  cos t .  
Cn ul P W N -  
V I  I  . COhlCLUS IONS 
Whi le  t h e  present-sources a l t e r n a t i v e  may be t h e  l eas t - cos t  a l t e r -  
na t i ve ,  t h e  un re l  i a b i  l i t y  and poor qua1 i t y  o f  these  sources make them 
undesi rab le .  Based on t h e  geo log i ca l  and climatological c o n d i t l o n s  t h a t  
c h a r a c t e r i z e  t h i s  area, t h e  cho ice  o f  t h e  l eas t - cos t  a l t e r n a t i v e  shou ld  
be made from t h e  remaining f i v e  a l t e r n a t i v e s  (Tables 15 and 16). A pond 
and water  t r ea tmen t  system cou ld  be a  very  s , a t i s f a c t o r y  source.  Hawever, 
i f  a  prolonged drought  occurs t h i s  source may become u n r e l i a b l e  and t h e  
h i g h  c o s t  o f  h a u l i n g  would have t o  be i ncu r red  t o  make up t h e  d e f i c i t .  
I f  a l t e r n a t i v e  s i x  (Tables 15 and 16) were chosen, and a  drought  would 
occur, t h e  d e f i c i t  cou ld  be made up conven ien t l y  by us ing  a d d i t i o n a l  
water  f rom t h e  e x i s t i n g  munic ipa l  wa te r  l i n e .  T h i s  i s  essentially 
s t a t i n g  t h a t  t h e  munic ipa l  water l l n e  would be, i n  e f f e c t ,  insurance t o  
cover  t h e  occurrence o f  a  drought .  Other  f a c t o r s  t han  do1 l a r  cos ts  
should be cons idered i n  de te rmin ing  an op t ima l  source o f  supply .  Hea l th  
cons ide ra t i ons  should be among t h e  more impor tan t  f a c t o r s  considered. 
When t h e  graduated r a t e  schedule (Tab l e  16) i s  examined i n  con- 
j u n c t i o n  w i t h  t h e  r e l a t i v e  reliability o f  t h e  sources, a l t e r n a t i v e  s i x  
appears t o  be t h e  b e s t  cho ice  f o r  t h e  t o t a l  area. However, w i t h  t h e  f l a t  
schedule (Tab le  15) a  more d i f f i c u l t  cho ice  i s  found. I n  t h e  e n t l r e  area, 
t h e  pond and t rea tment  method i s  somewhat less expensive than  t h e  mun ic ipa l  
systems, b u t  a l s o  less r e l i a b l e .  Given t h e  r e l a t i v e  cos ts ,  t h e  cho ice  
depends on an e v a l u a t i o n  o f  t h e  r i s k  and o t h e r  f a c t o r s  which d i f f e r  
between these  sources. 
I f  a  mun ic ipa l  system i s  chosen, quest ions o f  o r g a n i z a t i o n  a r i s e .  
The o t h e r  methods o f  supp l y i ng  water  depend o n l y  on i n d i v i d u a l  a c t i o n s  
o f  t h e  res iden t s  i n  t h e  area. There a re  severa l  i n s t i t u t i o n a l  arrangements 
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which a r e  p o s s i b l e  f o r  i n i t i a t i o n  and maintenance o f  munic ipa l  systems 
such as those  discussed e a r l  i e r .  Only a few o f  these  arrangements w i  l l  
be mentioned. I t  i s  assumed t h a t  t h e  t y p e  o f  arrangement would, i n  f a c t ,  
a f f e c t  t h e  present  va l ue o f  t h e  cos ts  (Tab l  es 15 and 16) very  l  itt l e. 
The I l l i n o i s  Revised S ta tu tes ,  Chapter 1 1 1  2 /3  -- P u b l i c  U t i l i t i e s ,  
s t a r t i n g  w i t h  paragraph 188 concern ing pub l  i c  water  d i s t r i c t s  and spec i -  
f i c a l l y  paragraph 212.1, Annexat ion o f  Contiguous T e r r i t o r y  -- prov ides  
means by which such a system cou ld  become p a r t  o f  t h e  Hoyleton-New Minden 
Water D i s t r i c t .  A f t e r  p roper  p e t i t i o n s  and hear ings have been held,  it 
requ i res  a two-th i rds vo te  o f  t h e  board o f  t rusTees o f  t h e  water  d i s t r i c t  . 
t o  annex such a t e r r i t o r y .  
Another method wou l d be f o r  persons i n  t h e  s tudy  area, o r  one o f  
t h e  subareas, t o  form a cooperat ive,  conforming t o  t h e  r u l e s  and r e g u l a t i o n s  
govern ing such o rgan i za t i ons ,  and as a coopera t i ve  purchase wate r  f rom t h e  
Hoyleton system. Technica l  arrangements regard lng  t h e  ownership o f  t h e  
p i p e  once i n s t a l l e d ,  p r o v i s i o n  o f  maintenance, personnel t o  read meters, 
and o t h e r  ope ra t i ona l  du t i es  would have t o  be nego t i a ted  between t h e  
V i l l a g e  and t h e  coopera t i ve .  
The 1970 C o n s t i t u t i o n  o f  t h e  S t a t e  o f  I l l l n o i s  a l s o  p rov ides  a 
means by which extens ions o f  p i p e l i n e  i n t o  r u r a l  areas cou ld  be b rought  
i n t o  ex is fence .  A r t i c l e  V I I ,  Local Government, Sec t i on  7, Count ies and 
M u n i c i p a l i t i e s  Other  Than Home Rule U n i t s  s ta tes ,  "Counties and muni- 
c i p a l i t i e s  which a r e  n o t  home r u l e  u n i t s  s h a l l  have o n l y  powers granted 
t o  them by law and t h e  powers t o  ( I )  .... (2 )  . . .. (3 )  .. .. (4 )  ... . (5)  
.... and (6) t o  levy  o r  impose a d d i t i o n a l  taxes upon areas w i t h i n  t h e i r  
boundaries i n  t h e  manner p rov ided  by law f o r  t h e  p r o v i s i o n  o f  spec ia l  
se rv i ces  t o  those  areas and f o r  t h e  payment o f  debt i ncu r red  I n  o r d e r  t o  
p r o v i d e  those  spec ia l  se rv ices . "  
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SOUTHWESTERN ILLINOIS WATER RESEARCH SURVEY 
Please answer a l l  of t h e  fol lowing ques t ions .  
1. I n d i c a t e  t h e  maximum number of each type  of l i v e s t o c k  t h a t  you have 
on your farm a t  any one time dur ing  t h e  year .  
a ,  Dairy C a t t l e  




f .  Other ( spec i fy )  
2. a. Is t h e  number of  l i v e s t o c k  l i s t e d  i n  ques t ion  1 l i m i t e d  because 
of  water  supply? 
YES NO ( sk ip  t o  3a) 
b. Was t h e  number l im i t ed  because o f :  
a q u a l i t y  of water  
a q u a n t i t y  of water  
/ both  q u a l i t y  and q u a n t i t y  
I a o t h e r  ( spec i fy)  
3. a. I f  you had access  t o  an un l imi ted  supply of good q u a l i t y  water  
a t  a  reasonable  p r i c e ,  would you expand any of t h e  l i v e s t o c k  
ope ra t i ons  l i s t e d  i n  ques t i on  1 o r  i n i t i a t e  new l i v e s t o c k  
e n t e r p r i s e s ?  
/ YES (go t o  b)  /13 NO ( s k i p  b) 
b. Spec i fy  t h e  opera t ions  you would expand o r  i n i t i a t e  and t h e  
approximate number of a d d i t i o n a l  l i v e s t o c k  involved : ( spec i fy  
expand o r  i n i t i a t e )  
Approximate 
Operat i on  Number 
4 .  How many persons l i v e  a t  t h i s  p l ace  of  r e s idence?  
5. What is  your presen t  source  of  water  f o r  t h e  fol lowing uses?  P lease  
check t h e  app rop r i a t e  column. (Sources 1-5 a r e  assumed t o  be  on your 
property.)  
Shallow 
Deep Well Pond Pond Hau 1 
Well Untreated Untreated Treated Municipal 
a. Human d r ink ing  
- 
b. Household, o t h e r  
t han  d r ink ing  
c. Dairy,  milkhouse 
d. Dairy d r ink ing  
- - I- 
e.  Other l i v e s t o c k  
f .  Other,  s p e c i f y  
Other, 
Spec i fy  
a. Human d r ink ing  
b. Household, o t h e r  
t han  d r ink ing  
c. Dairy,  milkhouse 
d. Dairy d r ink ing  
e. Other l i v e s t o c k  
f .  Other,  s p e c i f y  
6 .  I f  your presen t  source o f  water  l i s t e d  i n  quest  ion 5 is a " t rea ted"  
source,  p l ea se  desc r ibe  t h e  t reatment  and why it i s  necessary ,  i.e., 
type of p o l l u t a n t s .  
Shallow w e l l  : 
Pond : 
Other : 
7. How long have you l i v e d  a t  t h i s  address?  
8. a. Have you experienced a  shor tage  of water  dur ing  t h e  t ime you 
have l i v e d  a t  t h i s  address?  
/ / YES (go t o  b) / / NO ( s k i p  t o  9) 
b. How many t imes? 
DURATION 
d. Reasons f o r  each shor tage  o t h e r  than  t h e  b a s i c  "not enough ra in ."  
(Consider q u a l i t y  a s  w e l l  as q u a n t i t y  reasons.)  
e. Consequences of each shor tage .  
f ,  I n d i c a t i o n  of 
age. 
Mild 
se r iousness .  Use t h e  f o l l w i n g  s c a l e  f o r  each s h o r t -  
Moderate l y  Very 
Se r ious  Ser ious  Ser ious  Severe 
1 
g. I f  you have experienced a water shortage of any kind, how d id  
you a l l e v i a t e  t h e  problem? (Specify p a r t i c u l a r  shortage.)  
1 
9. Are t h e r e  any p o t e n t i a l  water  sources on your property,  t h a t  you 
know o f ,  such as  pond s i t e s ,  dame s i t e s ,  e tc .?  Please 
10. I n  your opinion,  is the  p o s s i b i l i t y  of a  water shortage (due t o  q u a l i t y  
a s  w e l l  a s  quan t i ty  reasons)  g rea t  enough t o  mer i t  your examination of 
a l t e r n a t i v e  water sources?  
YES a NO 
11. Would you be in t e re s t ed  i n  obta in ing  a l l  o r  p a r t  of  your water  from 
a c e n t r a l  source such a s  piping it from a nearby v i l l a g e ,  coopera t ive ly  
haul ing it from a nearby v i l l a g e ,  cons t ruc t ing  a  c e n t r a l  t r e a t i n g  
p l an t  f o r  l o c a l  ponds, e t c .  i f  t h e  cos t  was not  p roh ib i t ive?  
I f  you answered Y E t o  quest ion 11, please  complete t h e  remainder of t h e  
ques t ionnai re .  I f  you answered = t o  ques t ion  ll, s k i p  t o  t h e  l a s t  page 
and answer quest ions 27 through 30. Thank you very much f o r  your coopera- 
t ion. 
12. Would you be i n t e r e s t e d  i n  purchasing water  from a nearby munic iapl i ty  
i f  t h e  l i n e  were financed s o l e l y  by t h e  munic ipa l i ty  on a p r o f i t  b a s i s  
and you paid only f o r  water used per month? 
13. a. Would you be i n t e r e s t e d  i n  purchasing water  from a  nearby 
munic ipa l i ty  i f  t he  l i n e  had t o  be financed s o l e l y  o r  i n  p a r t  
by you and o the r  u s e r s  i n  t h e  immediate r u r a l  a r ea?  (All  
f i n a n c i a l  arrangements a r e  between ind iv idua l  farmer and 
munic ipa l i ty  . ) 
/ YES (go t o  p a r t  b )  NO (go t o  p a r t  c )  
b. How much would you be w i l l i n g  t o  pay as  an i n i t i a l  tap-on f e e  
t o  h e l p  f inance t h e  l i n e ?  (This would be i n  a d d i t i o n  t o  t he  
monthly water charge,)  
c. B r i e f l y  exp la in  why you answered NO, 
14, a. Would you be w i l l i n g  t o  become a  member of a  formal organiza t ion  
of farmers who would c o l l e c t i v e l y  f inance  t h e  e n t i r e  cons t ruc t ion  
of  t h e  l i n e  and c o l l e c t i v e l y  buy water  from a  nearby munic ipa l i ty?  
YES (go t o  p a r t  b) NO (go'  t o  p a r t  c )  
b ,  How much would you be w i l l i n g  t o  pay a s  a  member of such an 
organiza t ion  t o  he lp  f inance t h e  cons t ruc t  i on?  
0  - $100 $401 - $500 
' $101 - $200 $500 x  $1000 
$201 - $300 $1000 o r  more 
$301 - $400 
c.  B r i e f l y  exp la in  why you answered NO, 
15. Do you have a  pond on your proper ty?  
YES 
16. a. Would you be i n t e r e s t e d  i n  u s ing  pond water  a s  a  pos s ib l e  source  
of  water  f o r  d r ink ing  a s  w e l l  a s  o t h e r  household uses  i f  it were 
t r e a t e d  s o  t h a t  it was of comparable q u a l i t y  w i th  municipal  wa te r?  
YES ( s k i p  p a r t  b) /-7 NO (go t o  p a r t  b )  
b. B r i e f l y  exp la in  why you answered NO. 
17. a.  Would you be w i l l i n g  t o  become a  member o f  a  formal o rgan iza t ion  
of farmers who would e s t a b l i s h  a  t r e a t i n g  and d i s t r i b u t i o n  system 
t o  t r e a t  and d i s t r i b u t e  pond water  t o  t h e  members on some e q u i t a b l e  
b a s i s ?  
/ YES (go t o  p a r t  b)  NO (go t o  p a r t  c )  
b. How much would you be w i l l i n g  t o  pay a s  a  member of such an 
o rgan iza t ion  t o  he lp  f inance  t h e  t r e a t i n g  and d i s t r i b u t i o n  
f a c i l i t y ?  
$101 - $200 $501 . x  $1000 
$201 - $300 $1000 o r  more 
$301 - $400 
c.  B r i e f l y  exp la in  why you answered NO. 
18. a. Would you be i n t e r e s t e d  i n  i n d i v i d u a l l y  buying and haul ing  water  
from a  nearby mun ic ipa l i t y  on a  r egu la r  b a s i s ?  
/ YES ( s k i p  p a r t  b) NO (go t o  p a r t  b )  
b. B r i e f l y  exp la in  why you answered NO. 
19. Do you have access  t o  water  hau l ing  equipment? 
YES ga l .  
20. Do you have s t o r a g e  f a c i l i t i e s  i f  water  were t o  be hauled t o  your 
farm? 
D YES ga l .  
21. a. Would you be i n t e r e s t e d  i n  becoming a  member of a  formal organiza-  
t i o n  ~f  farmers who would c o l l e c t i v e l y  buy and haul  water  from a  
nearby munic ipa l i ty  and d i s t r i b u t e  it t o  t h e  members of t h e  group 
on a  r e g u l a r  b a s i s ,  i.e., such a s  farm gaso l ine  i s  d i s t r i b u t e d ?  
YF,S ( s k i p  pa r t  b) NO (go t o  p a r t  b) 
b. B r i e f l y  exp la in  why you answered NO. 
22. Would you be  w i l l i n g  t o  pay a  s e t  f ee  each month i n  a d d i t i o n  t o  t h e  
water  b i l l  a s  your sha re  of t h e  c o s t  of l e a s i n g  a  t r u c k  by t h e  group, 
h i r i n g  a  d r i v e r  f o r  t h e  group t ruck ,  e t c . ?  
YES 
23. Would you be i n t e r e s t e d  i n  making s tanding  arrangements w i t h  a  nearby 
mun ic ipa l i t y  t o  buy and haul  water  only i n  emergencies? 
a YES 
24. Obviously t h e  water  supply ques t i on  has  long-run imp l i ca t i ons ,  and 
people adapt  themselves t o  an expected supply,  thus ,  r e s t r i c t i n g  
t h e i r  uses  of water  t o  only n e c e s s i t i e s .  I f  t h e r e  was a  water  source,  
of  d r ink ing  water  q u a l i t y ,  o f f  t h e  farm t h a t  became a v a i l a b l e  t o  you, 
what u s e ( s )  would t h e  water  be put t o?  Check t h e  app rop r i a t e  uses :  
a. Drinking only 
b. Other household ( spec i fy )  
c. Dairy d r ink ing  
ds. Dairy,  milkhouse 
e .  Other l i v e s t o c k  
f .  Other ( spec i fy )  
25. I f  t h e r e  was a  water  source ,  no t  of d r ink ing  water  q u a l i t y ,  but  s a f e  
f o r  o t h e r  uses ,  o f f  t h e  farm t h a t  became a v a i l a b l e  t o  you, what 
u s e ( s )  would t h e  water  be put t o ?  Check t h e  app rop r i a t e  uses :  
a. Other household ( spec i fy )  
b. Dairy d r ink ing  
c. Dairy,  milkhouse 
d. Other l i v e s t o c k  
e. Other ( spec i fy )  
- 
26. Other c o m e n t s :  
THE FOLLWING QUESTIONS ARE TO BE ANSWERED BY EVERYONE: 
27. Name 
28. Mail ing Address 
Zip 
29. Phone number 
30. a. Do you (IWN o r  RENT your p l ace  of  r e s idence?  
/ (IWN ( s k i p  b and c )  RENT (answer p a r t s  b and c )  




c. Does t h e  landlord :  
/ 1 Maintain t h e  source  of water  f o r  you 
/ / Not provide water  f o r  you 
/ / Adjust t h e  r e n t  t o  l e t  you provide your own water  
/ / Other arrangement ( spec i fy )  
